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FOREWORD

The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
sources:

Unified Facilities Criteria (UFC) Index http://65.204.17.188//report/doc_ufc.html.

USACE TECHINFO Internet site http://www.hnd.usace.army.mil/techinfo/index.htm.
NAVFAC Engineering Innovation and Criteria Office Internet site http:/criteria.navfac.navy.mil.
Construction Criteria Base (CCB) system maintained by the National Institute of Building
Sciences at Internet site http://www.nibs.org/ccb.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current.

AUTHORIZED BY:

DONALD L. BASHAM, P.E. DR.[JAMES W WRIGHT \P.E.

Chief, Engineering and Construction Division Chiet Engineer
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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for tropical engineering.

Note that this document does not constitute a detailed technical design,
maintenance or operations manual, and is issued as a general guide to the
considerations associated with tropical engineering.

1-2 APPLICABILITY. This UFC applies to all Navy service elements and
Navy contractors; Army service elements should use the references cited in paragraph
1-3 below; all other DoD agencies may use either document unless explicitly directed
otherwise.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements
of UFC 4-010-01 take precedence.

1-3 REFERENCES. The following Tri-Service publications have valuable

information on the subject of this UFC. When the full text UFC is developed for this

subject, applicable portions of these documents will be incorporated into the text. The
1-1
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designer is encouraged to access and review these documents as well as the
references cited in Appendix A.

1.

US Army Corps of Engineers USACE TM 5-301-2, Army Facilities
Commander Components System Design,
USACE Publication Depot 28 September 1986

ATTN: CEIM-IM-PD

2803 52nd Avenue

Hyattsville, MD 20781-1102

(301) 394-0081 fax: 0084

karl.abt@hq02.usace.army.mil
http.//www.usace.army.mil/inet/usace-docs/

1-1
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ABSTRACT

Thi s handbook provides a general overview of information that directly relates
to construction within tropical regions. The handbook focuses on construction
conponents which are directly affected by the aggressive climatol ogical and
envi ronnental elements found in these regions. Consequently, nany traditiona
parts of the construction trade are not reviewed herein, unless they are
adversely affected by the tropical elenents.

The handbook defines tropical areas and briefly discusses the adverse
environnental and climatol ogical elements unique to them |t discusses
various construction materials and systens commonly in use, recommendations
regarding their selection and use, and highlights problens that have resulted
in failures with suggestions and recommendations regarding their elimnation
or mtigation.
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FOREWORD

Thi s handbook is devel oped from an evaluation of facilities in the tropical
environment, and is based upon surveys of the availability of construction

nmet hods and from sel ection of the best design practices of the Naval
Facilities Engineering Command (NAVFACENGCOM), other government agencies and
the private sector. It offers guidance for evaluating construction within the

tropical region. Do not deviate fromthese criteria wthout review by
NAVFACENGCOM Headquarters (Code 04).

Recommendati ons for inprovenent are encouraged from within the Navy, other
Government agencies, and the private sector and should be furnished to

Conmander, Pacific Division, Naval Facilities Engineering Conmand, Code 406,
Pear| Harbor, H 96860-7300; telephone comrercial (808) 474-5349.

TH'S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCURENMENT OF
FACILITIES CONSTRUCTION. | T IS TO BE USED I N THE PURCHASE OF FACI LI TI ES
ENG NEERI NG STUDI ES AND DESI GN (FI NAL PLANS, SPECI FI CATI ONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MLITARY OR FEDERAL SPECI FI CATI ONS OR
OTHER PROCUREMENT DOCUMENTS.
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Section 1: GENERAL | NFORVATI ON

1.1 Scope. This handbook on tropical engineering is intended for use
as a guide by designers and engineers who are responsible for the preparation
of plans and specifications for the construction of shore facilities in the
tropics. This handbook conplenents the requirenents of NAVFACENGCOM and DOD
handbooks and instructions to upgrade the quality of design and construction
and thereby extend the economic life of shore facilities in an environnment
consi dered aggressive because of constant sun, rain, salt, and humdity;
frequent high wnds, wind-blow sand, and salt spray; tsunanis, floods,
earthquakes, |ightning stornms, and floods; and other detrimental environnenta
aspects as described herein.

1.2 Ref er ences. Al cited references are listed in detail in the
Ref erence section at the back of this handbook

1.3 Cancel lation. This military handbook cancels and supersedes NAVFAC
Desi gn Manual (DM -11.01, Tropical Engineering, of March 1980 in its entirety.

1.4 Tropical Region. The tropical region officially covers a broad
belt of the earth's surface bordering the equator from the Tropic of Capricorn
to the Tropic of Cancer. Arid and high elevation conditions are not discussed
in this handbook. It deals with those tropical regions that are hot and hunid
and specifically deals with those environnental concerns that need specia
attention in shore-based facilities. (In addition, numerous areas such as
Florida, the Qulf Coast, Ckinawa, as well as other areas north of the Tropic
of Cancer, experience many of the same climatic conditions that are referred
to in this handbook.) (See Figure 1.)

1.5 Specific Cassifications of Tropical Environnental Conditions

1.5.1 H gh Solar Radiation. Because of high sun angles the tropics
experience intense levels of solar radiation. The ultraviolet spectrumis
particularly harnful to many commonly used building products. Hgh
ultraviol et exposure results in rapid deterioration of mpst non-netallic
roofing materials, paints, sealants, elastoneric coatings, and wood. Hgh
solar radiation also causes building materials to devel op high nateria
tenperatures which require careful detailing of the joints in cladding and
structural systens.

1.5.2 Hgh Humidity. Relative humidity in the range of 70 percent to 100
percent for nost of the year creates ideal conditions for mold and nil dew that
promote wood decay. It also accelerates rusting of various metals and

intensifies galvanic action in many metals. Many paints in high humdity
conditions do not performwell. |n addition, high hunidity conditions require
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careful detailing of vapor barrier locations in air-conditioned buildings.
Common building materials that exhibit hygroscopic properties such as gypsum
insulation, and particle board can lose their structural and functiona
properties in humd climates.

Figure 1
Tropi cal Region

1.5.3 Intense Rain Periods. For those tropical areas that have prol onged
rain periods, specify soil treatnents in addition to water infiltration
control. Consider and avoid structural instability and exacerbation of rust
and decay due to possible water infiltration of buildings. Because tropical
areas often experience brief, intense rainfall producing flood conditions,

i nclude provisions for and consideration of ponding and runoff conditions.

1.5.4 Monsoons.  These are wind systens on a continental scale which
seasonal ly reverse their direction because of a change in tenperature trends
over land and sea. Cenerally, winds blow fromcold to warm regions; for
exanple, sea to land in sumer and land to sea in winter. This occurs because
at nospheric pressure is high in cold regions and |low in warm regions.
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Monsoons are one of the nost inportant rain-producing currents on
the globe. Intensity and duration are not uniformyear to year. A heavy
season with floods may be foll owed by several seasons wth bel ow average
precipitation, crop failure, and famne. Research and design for the extrene
condi tions brought on by nonsoons.

1.5.5 Storm Surges. In one type of storm surge, strong winds pick up

wat er along a coast causing sea level to rise. The approximte height of this
storm surge can be predicted based on wind speed and direction, fetch, water
depth, and the shape of the ocean basin. Qher factors, such as currents,
astronomi cal tides, and seiches set up by storms, conplicate the calcul ations.

a) A second type of surge is a large wave that noves with the
storm typhoon, or hurricane which caused it. First comes a gradual change in
water level, the forerunner, a few hours ahead of the stormis arrival. It is
apparently caused by the regional wind systemand may cause sea level to fal
slightly along a wide stretch of coastline.

b) Wen the typhoon or hurricane center passes, it causes a sharp
rise in water level called the surge. This surge usually lasts about 2-1/2 to
5 hours; rises in sea level of 12 to 16 feet have been observed -- usually
slightly offset fromthe stormis center. Conbined with extrenmely high waves
generated by the storm surges can be extrenely destructive.

¢) Following the storm sea level continues to rise and fall as
oscillations set up by the stormpass. They are nmore or less free surface
waves and have been terned the wake of the storm I|ike the wake left by the
passage of a ship through the water. The sea surges can be quite dangerous,
particularly because they are often not expected once the stormitself has
subsi ded.

d) Tropical storms, typhoons, and hurricanes frequently cause
storm surges along the Gulf Coast of the United States. |n 1900, Gal veston,
Texas was destroyed and about 6,000 people were killed by a storm surge
resulting froma hurricane. In 1969, Hurricane Canmille, the second strongest
recorded stormto hit the Gulf Coast, caused $1.4 billion in damage; even with
advance warning, it killed 256 people, A disastrous storm surge occurred in
1876 in the Bay of Bengal when 100,000 people were killed. In 1970, another
stormsurge hit the same area, killing an estimted 500,000 people

e) Designers working on projects sited near coastlines are
responsi bl e for researching past surges in the project area and evaluating the
effects of future surges on their project.

1.5.6 Floods. Floods happen when water rises above a flood plain |eve
and damage begins to occur. Flood plains can be channels, deep and wi de, or
many nmiles w de and shallow, such as an alluvial plain. The encroachnent of
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industrial comrunity devel opnent on natural channels has contributed to
substantial flood danmage, particularly when coupled with seasonal rain and
hi gh tides.

1.5.7 Ear t hquakes. Eart hquake design is beyond the scope of this
handbook.  However, note that the earth's lithosphere is conposed of nunerous
pl ates whose boundaries are the source of seismic activity. Mny of these
plates cross the tropical region. Therefore, study the history of seisnic
activity in these areas and design structures and facilities in accordance
with applicable seismc codes.

1.5.8 Tsunanmis.  Although not within this handbook's scope, be aware that
tsunanmis, or seismc sea waves, are caused by sudden novenent of the ocean
bottom resulting from earthquakes or volcanic eruptions. Because of their
frequent occurrence in the tropical region, and their devastating effects on
life and property, consult local historical data regarding tsunams and design
accordingly.

1.5.9 Vol canoes. The ngjority of active vol canoes are found surrounding
the Pacific Ocean (the "ring of fire") and in the Mediterranean region
eastward into Indonesia. Many of these are dormant and not extinct. To be
consi dered active, a volcano nust have had an eruption within the last 500
years. A dormant vol cano has had no eruptions within the last 5,000 years and
an extinct volcano has had no eruption for over 5,000 years. Evaluate the
potential for destruction or damage and possible injury fromlava, gaseous

di scharges, and seisnmic activity when working within the area of a vol cano.

1.5.10 Prol onged El evated Tenperatures. Elevated tenperatures have
adverse effects on building materials such as paints, woods, and nmany asphalt-
based products. These high tenperatures conbined with high humdity wll
cause severe deterioration.

1.5.11 Salt-Laden Air. Salt rapidly accel erates wood deterioration,
pronotes gal vani c action between nmetals, rusting of ferrous metals (including
i nadequately protected reinforcing steel), and pitting of many al um num

al | oys. Salt-laden air also adversely effects the application of paints,

seal ants, elastomeric coatings, and asphalt roofing applications.

The severity of salt-laden environments varies throughout the
tropics. The degree of intensity varies with elevation, prevailing on-shore
wi nd, vegetation and rainfall. In addition, small, flat coral islands with
sparse vegetation (such as Kwajalein, Mdway, and Diego Garcia) have nore
potential for severe corrosion than do the larger volcanic islands with
moderate vegetation and rainfall (such as Hawaii and CGuan). Although al
tropical design nmust address corrosion protection, installations in known or
suspected severe corrosive environnents require additional protective
encl osures, materials, and coatings.
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1.5.12 Poor Soil. Include requirements for soil treatment and
fertilization as much of the soil in the tropical belt is lowin nutrients.
1.5.13 I nsects. Insects are abundant in the tropics. Many are harnful or

annoyi ng to human confort and others are harnful to building materials.
Termtes, particularly the subterranean Fornosan variety, are perhaps the nost
serious threat to buildings in the tropics. These insects can rapidly destroy
a wooden building, cause severe damage to electrical equipnment, and extensive
damage to many roofing materials.

1.6 Air-Conditioned Buildings. For special design and materia
sel ection considerations regarding air-conditioned facilities, refer to

Section 14.
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Section 2: SITE WORK

2.1 Scope. This section covers earthwork, pile foundation systens,
paving, soil treatment, |andscape work, and |landscape irrigation systemns.

2.2 General Design Considerations

2.2.1 Site Materials. The earthwork materials in the tropics are

dom nated by three major groups: <coral and coralline linestone, residua
soils, and rock aggregate. Because of the warmclimate, high humdity, and
frequent rainfall, earthwork materials in the tropics are usually nore

weat hered and weaker than materials found in tenperate regions. In addition,
erosion is a major problem Therefore, for site work in the tropics, place
hi gh enphasis on erosion control during design

2.2.2 Site lInvestigation. Wen planning site work for heavy foundation
| oads and inportant structures in coral and volcanic formations, site
investigation by exploratory borings is required. G ound-penetration radar
(GPR) can be used to locate shallow voids and cavities. Coral may have voids
and solution cavities. Volcanic rock formations also may have hidden |ava
tubes and cavities. Therefore, the site selection as well as the type of
structure may well rest on the results of the exploratory borings. And, unti
those results are known, no predeterm nation of building foundations or
foundation systens can be nade.

2.3 Soi |
2.3.1 Coral. Abundant in tropical regions, coral is a good subgrade
material . Reef coral is very dense, hard, and is an excellent source for

arnmor-rock in breakwater construction. Reef coral can also be crushed and
graded to produce good subbase and base course materials. Coralline sands and
gravels conmonly found along the shoreline, being softer and nore porous than
the reef coral, are usually only suitable as subgrade and subbase material s.

2.3.2 Coralline Limestone. Recrystallized coralline |inmestone can be
quarried and screened to produce aggregate suitable for subbase, base course,
and concrete aggregate. Coral concrete products generally have |ower
conpression strengths than concretes nade with other types of rock aggregates.
It is inmportant that coral used in concrete be free of salt. Wshing of the
coral produces coral that is suitable for concrete mx, but in some areas |ack
of adequate fresh water will make it difficult to get a thorough wash.

2.3.3 Residual Soils. Residual soils in the tropics are predom nantly
silty clays and clayey silts. To be technically correct, the tropica
residual soils can generally be categorized into three mgjor soil classes:

oxi sols, andisols, and vertisols. Oxisols are by far the npst commobn residua

soils in tropical regions. They cover approximtely 50 percent of the |and
areas in the tropics.
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Oxisols are silty clays with high contents of oxides. They are
general |y reddish brown to gray in color. The soils are relatively stable,
with | ow to medi um expansion potential. Wth proper noisture conditioning and
conmpaction, oxisols are adequate as subgrades below lightly | oaded structures.

Andi sols and vertisols are suitable for agricultural use but do not
have sufficient strength and stability for construction use. For foundation
engi neering purposes, andisols and vertisols are usually renmoved and repl aced
with nmore stable subgrade materials. Lime stabilization is sonmetinmes used to
i nprove the engineering characteristics of these soils.

2.3.4 Rocks. The npbst common rocks found in tropical regions are
intrusive rocks such as granite, igneous rocks such as andesite and basalt,

and sedi mentary rocks such as sandstones and siltstones. In certain young and
active vol canic areas such as Hawaii, the Philippines and Indonesia, the |ava
rock formations often contain large voids and cavities, such as |ava tubes and
chanbers which are difficult to detect. For inportant structures to be

constructed on lava formations, a thorough site investigation is required. If
| ava tubes and chanbers are found within the foundation construction zone,
collapse or fill themw th appropriately engineered naterials.

Dependi ng on the degree of weathering, rocks can be excellent
sources of construction aggregates when they are quarried and crushed. \Wen
andesites are used as concrete aggregate, the concrete has a |ower conpressive
strength than concrete nade with basalt aggregates. Therefore, when using
andesitic rock aggregates for construction, the soundness, abrasion
resistance, and noisture absorption characteristics nust be carefully studied
and trial batch mixes prepared and characterized before the work proceeds.

Intrusive and sedinentary rocks are often found in an extrenely
weat hered state. Except for occasional, |ess weathered boul ders, these rocks
tend to behave as dense soils. Such rocks can be used as landfill for
embankments, but not as a base for pavement or as concrete aggregate.

2.3.5 Cut _and Fill. In the tropics, where rainfall intensities are
typically high and the soils lack certain mnerals, mnimze and carefully
engi neer mmssive alterations of the landscape by cut and fill. For grading
purposes, cut is preferred to fill. Limt cut and fill slope heights to a
maxi num of 25 feet unless the work is properly engineered and controlled
during construction. The side slopes in cut and fill areas shall not be
steeper than a 2 horizontal to 1 vertical ratio. Cenerally, the flatter the
slope, the easier it is to construct, to induce natural vegetation growth, and
to maintain.

2.3.6 Soil Stabilization. The basic physical characteristics of tropica
soils can be nmodified and inproved by various soil stabilization techniques as

described above. For large earthwork projects, it is reconrended that a
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drai nage and erosion control plan be prepared for the site as a part of the
design package.

2.4 Pil e Foundation Systens. In certain coastal areas of the tropics,
such as Pearl Harbor in Hawaii, Apra Harbor in Guam and Subic Bay in the
Philippines, thick layers of soft marine sedinents often cause difficult
design problems for naval shore facilities. Consider pile foundation systens.
Design and construction guidelines and specifications for pile foundation
systems are given in NAVFAC military handbooks. However, no determnination or
selection of a pile foundation system can be made until a thorough site
investigation, including subsurface borings, has been made and eval uat ed.

2.4.1 Precast Concrete Piles. Concrete piles are the nbst often used and
preferred pile foundation systemin the tropics because of their durability
and ease of manufacturing. The selection of pile size and casting length is
often dictated by the capability and the availability of construction

equi pment.  Therefore, deternmning |ocal construction capabilities is an
inportant factor in pile design. Prestressed, precast concrete piles, if
avai |l able, are a preferred choice because of their superior corrosion

resi st ance.

2.4.2 Tinber Piles. Tinber piles are often used on waterfront projects
for ship nooring dol phins and wharf fender systens because of their high
energy absorbing characteristics. Wod in a tropical environment is very
susceptible to decay fungi, ternmtes, and other wood boring insects and narine
borers. To resist deterioration, pressure treat marine piles in areas where
Limoria Tripunctata (gribbles) are active with a waterborne arsenical salt
such as chronmated copper arsenate (CCA), ammoni acal copper arsenate (ACA), or
ammoni acal copper zinc arsenate (ACZA) in accordance with the American Wod
Preservers Bureau (AWPB) Standard MP4, Standard for Marine Pilings Pressure
Treated with Creosote, for Use in Marine Waters, to a retention of 2.5 pounds
per cubic foot (pcf).

In waters infested with both Iimoria and teredines (shipworns),
use dual treated piling with 1.0 pcf of a waterborne arsenical salt and 20 pcf
creosote in accordance with AWPB MP-1, Procedure for Dual Treatnment of Marine
Piling Pressure Treated Wth Water-Borne Preservent and Creosote for Use in
Marine Water. Creosote treated piling is only effective against teredines and
phol ads; in those waters use piling treated according to the AWB Standard
MP2, Standard for Marine Pilings Pressure Treated with Creosote. for Use in
Marine Waters, at 20 pcf.

Most tropical waters will require either the waterborne arsenical
salt or the dual treated piling. Properly selected marine piling can be
expected to provide a normal service life of at least fifteen years. Piling
subj ected to excessive physical contact and damage may require nore frequent
repl acenent.
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2.4.3 Steel Piles. Steel piles are often used for waterfront facilities
in remote |ocations where concrete piles are not readily available. Since
steel piles have a better capacity to weight ratio and can easily be spliced
to longer lengths by welding, they are the preferred pile foundation system
when high | oad bearing capacities and long pile lengths are required in
isolated locations. Corrosion is a serious problemin the tropics,
particularly if the steel is in contact with coralline soils. In such cases,
protective coating and cathodic protection are required.

2.4.4 Cast-in-Place Piles. Cast-in-place piles are suitable for use in
the tropic regions. They have simlar qualities and construction constraints
as driven concrete piles.

2.5 Paving. High precipitation, |ow subgrade strength, the linited
choi ce of construction aggregate, and |ong distance transportation of
materials and equi pment, are factors which nust be considered in pavenent type
sel ection as well as pavenent design.

2.5.1 Coral as Construction Aggregate. Coral aggregate, with proper
gradation, is a good subbase and base course material for roadway pavenents.
However, it may not have sufficient soundness and abrasion resistance for use
as base course for flexible airfield runways. For concrete pavenment, ensure
that a coral base does not come into contact with wire nesh or other netal

rei nforcing unless the aggregate is washed prior to placenent.

Coral aggregate is sonmetimes used in asphaltic concrete and
portland cenment concrete pavement. |n general, coral aggregate has |ower
soundness, hi gher absorption, and |ower abrasion resistance than other rock
aggregate. These drawbacks can sonetines be conpensated for in pavenent
design by slight increases in total pavenent thickness and in asphalt or
cement contents.

Exposed coral aggregate on the asphaltic concrete pavenent surface
is susceptible to abrasion. The skid resistance decreases with tine, making
the pavenment surface slippery to traffic when it is wet. Correct this
condition by pavenment grooving or overlaying a new friction course on top of
t he pavenent.

2.5.2 Pavenent Repair and Recycling. dimtic influences cause asphaltic
concrete pavenents in the tropics generally to have a shorter service life.
Consi der nore frequent pavenent repair and resurfacing in the life cycle cost
analysis during planning. In remote island facilities, a viable alternative
to pavement resurfacing is pavenent recycling. Pavement recycling requires a
paverment grinder to renove the in-place asphaltic concrete and then crush it
to proper aggregate size for reuse. Pavenment recycling can often produce
savings in tine, cost, and energy.
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2.6 Landscapi ng. The follow ng includes a general description of
several |andscape planning and design considerations that are unique to
aggressive elenments found in tropical regions.

2.6.1 CGeneral. Tropical regions are usually noted for their hot and
humd climte. Therefore, provide |andscaping which allows for shade, not
only for exterior open spaces but also to protect buildings fromdirect and
reflected solar radiation. In addition, proper |andscaping can reduce salt
spray conditions by providing protection to structures. Wth the intense
rainfall common to tropical regions, drainage and erosion are primary concerns
for the landscape architect. Such conditions are successfully addressed
through the careful selection of tropical planting elements that include

pl acenent of trees, hedges, and ground cover.

2.6.2 Plant Material. A najor factor in preparing |andscape designs in
tropical regions is the availability of desired plant material in the
appropriate quantities and of matching sizes. Since the sophistication of
plant nurseries and |andscape construction industries vary considerably

t hroughout the world, prepare the |andscape design (and acconpanying details
and specifications) with a good understanding of such |ocal conditions.

a) Equally inportant is know edge of local plant material. \Wile
there is a vast range of exotic plant material in tropical regions, not al
plants are suitable for ornanental |andscaping. Poisonous/noxious plants,
root invasion at building foundations and wal kways, susceptibility to insect
infestation, excessive litter, and so forth, are some of the types of problens
that may arise in the absence of horticultural expertise.

b) The growing season in tropical regions is year-round, resulting
in larger and faster growing plants. A commpbn nmistake is to initially over-
plant a site, and to later face the need for extensive plant renmoval as the
plants reach maturity, or to place trees with aggressive roots too close to
structures, underground utilities, and paving.

¢) Protection against solar radiation is particularly desirable in
tropi cal regions where outdoor activities are conmon. Buil di ng courtyards,
pl aygrounds, and outdoor gathering areas, are far nore usable and appreciated
when adequate shade is provided. Generally, canopy or done shaped trees are
nmost suitable to achieve this effect.

d) Plant material may also be useful to protect buildings from
excessive heat gain caused by direct or indirect solar radiation. One- or
two-story buildings can be effectively screened with |arge canopy or done
shaped trees. Such trees are also effective in shading parking lots, roads,
or other |arge paved surfaces, thereby reducing the reflected solar radiation.
The facades of taller buildings can be shaded with vertical or columary
shaped trees, such as palmtrees, planted along the face of the building

10
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e) Exercise care to ensure that debris fromthe trees does not
build up on roof surfaces and in roof drains, gutters and downspouts. Salt
spray and strong winds, conmmon to coastal areas, contribute to corrosion of
metal building material and unconfortable living conditions. Such conditions
may be reduced by planting wi ndbreaks. Wndbreaks consist of tight groupings
of plants that can withstand salt spray and strong winds. Proper root
anchoring systems are essential. Several rows of planting material may be
required to achieve maxinumresults. Wnd may be reduced al ong the ground for
a distance of up to twenty tinmes the height of the w ndbreak.

f) Periods of intensive rainfall often cause severe erosion to
sl opes and enbanknents, and to unvegetated sites. Gound covers and grasses
whi ch have good binding root systems are of primary inportance in preventing
erosion and can be applied fairly econonically by nmethods such as hydro
mul ching. Trees and shrubs may al so be used but do not substitute for the
ground cover/grass protection

2.6.3 Landscape Irrigation System An irrigation systemis often used to
mai ntai n ornamental |andscaping in coastal and md-elevation areas.

a) Cenerally, irrigation is necessary for areas receiving |ess
than 50 inches of rainfall per year. Evaluate each site separately before
maki ng a decision regarding the use of an irrigation system The ampunt of
seasonal rainfall and the precipitation rate of soil at the site are inportant
consi der ati ons.

b) Irrigation systens nmay range from an automatic sprinkler system
to a series of hose bibs that are manual |y operated. The automatic systemis
the nmost desirable. It allows the systemto be activated late at night,

t hereby avoi ding the higher evaporation rates associated with daylight hours,
and wWill not interfere with daytime activities. A precipitation rate of 1 to
1.75 inches of water per week is appropriate for nost |andscapes in tropica
regions. Also, analyze soil perneability to determine the exact watering
schedule. In valleys and at higher elevations, irrigation is less of a
priority.

¢) Irrigation systens consisting of PVC pipes and irrigation heads
are highly recomended due to their resistance towards corrosive el enents,
cost efficiency, and sinplicity in repair/nodification.

d) PVC pipes will deteriorate due to exposure to ultra-violet
light and may be easily damaged when used above grade. Install them at 12 to
18 inch depth. Use "pop-up" sprinkler heads in grass areas to avoid conflict
with foot traffic, and nowing equipment. Qther areas such as ground cover or
shrubbery beds may be irrigated with fixed risers. This detail includes a
flex riser and a PVC coupler to facilitate any replacenent due to breakage. A
swing joint detail may be used to further ensure against damage to the system

11
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g) For ornamental |andscaping applications where |ocal rainfall or
a high water table is considered adequate, consider drip irrigation technol ogy
as a starter systemto facilitate initial growh.

f) Do not use tropical fruit trees for |andscaping Governnent

facilities. The great abundance of fruit, if left unpicked, will cause a
maj or mai ntenance and heal th problem

12
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Section 3: CONCRETE

3.1 Scope. This section covers concrete materials, reinforcement,
accessories, curing, structural precast concrete, prestressed concrete, and
cast-in-place concrete

3.2 CGeneral Design Considerations. Concrete is an ideal construction
material for permanent structures in the tropics, but like all materials, it
has advantages and di sadvantages. The najor problem inherent in using
concrete in the tropical region can be traced to the corrosion of enbedded
steel reinforcement. This corrosion occurs when the steel is exposed to

moi sture and al kal i ne substances. Steel nust be protected from such
condi ti ons.

3.2.1 Corrosion Protection. Take care to minimze the salt content of
both the water and aggregates (especially coral) used in the concrete mx. In
addition, protect the reinforcing steel and accessories by specified
protective coatings. Increasing the concrete cover over reinforcing steel to
protect the steel is also an inmportant consideration in areas where salt-|aden
air conditions are extreme. Such extrene conditions often exist on the

wi ndwar d sides of islands in the tropics.

3.2.2 Cracking and Salt Intrusion. Cracks in hardened concrete allow
noi sture and salt to cone into contact with enmbedded steel; mnimze such
cracking through careful adherence to proper construction techni ques and

t echnol ogi es.

3.3 Concrete Materials. The use of concrete for building components in
tropical areas is reconmended provided that material availability (cenent,
aggregate, and plentiful fresh water) does not make concrete construction cost
prohibitive. However, in tropical areas, because concrete conponents are
likely to be subjected to corrosive elements present in salty aggregates and
water, exercise special care to ensure that corrosion is limted as nuch as
possi bl e.

3.3.1 Cenment. Specify either Type | or Type Il portland cement for
general use in tropical environnments. Specify either Type Il or Type V for
use in concrete structures continuously exposed to seawater

3.3.2 Aggregates.  \Were standard aggregates, such as river gravel or
manuf actured aggregates, are not readily available, coral aggregates are
acceptable. The specific gravity of any coralline material shall not be less
than 2.40. Specify coral aggregates with higher specific gravity wherever
avail able. Wash aggregates dredged from the ocean or |agoon with fresh water
to renove as nmuch salt as possible.

3.3.2.1 Fine Aggregates. Fine aggregate may be washed, natural beach sand,
manufactured sand, or a combination of beach and manufactured sand.

13
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3.3.2.2 Coarse Aggregate. The density of aggregates affects concrete
strength, cenent and water content, workability, and porosity of the concrete,
all of which indirectly influence steel corrosion. Research studies have
shown that satisfactory concrete, which incorporates select coral aggregate
can be produced, provided a quality control programthat is well defined and
closely nonitored, is a nmandatory requirenent. Wash coral aggregate with
fresh water after crushing or dredging to ensure that the cement paste bonds
properly with the aggregate particles. Ensure that the aggregate is devoid of
sodium chloride to the maxi mum extent possible.

3.3.3 Water. For any reinforced concrete, do not use non-potable water
such as seawater or brackish water either in mxing or curing. Salt crystals
have a very high affinity for misture. A snall anount of residual salt
crystals on a seemingly dry concrete surface results in a danp surface
especially in a highly humid environment. Such danp surfaces can create
painting problems, nold problenms (mldew), and, nost inportantly, can

accel erate the corrosion of steel enbedded in concrete. The total chloride
content of the finished mx shall not exceed 1 pound per cubic yard for any
reinforced concrete

3.3.4 Concrete Additives

3.3.4.1 Air Entrainment. Air-entraining agents are used to inprove
workability of concrete, minimze volume changes, reduce bleeding, and
mnimze the porosity of the concrete. The strength of the concrete is
decreased in proportion to the amount of entrainment. The use of an air-
entrai nnent agent is recomrended under the follow ng controlled conditions:

a) Air-entraining agent contains no chlorides.
b) Air content is within 3.5 and 6.0 percent by vol une.

¢c) Air-entraining agent is conpatible with other adm xtures when
specified

d) Quality control requirenments are included in the
specifications.

3.3.4.2 Ret ar dant . The use of retardant and water-reducing adm xtures in
concrete is recomended.

3.3.4.3 Water Reducing Admixtures. Hi gh range water reducers are
categorized as a new type of admi xture which can either be used to reduce the
water requirement or to be added to the normal anount of water to produce
flowing concrete. Tests and studies by Portland Cenment Association have shown
that high range water reducers are capable of lowering the net water content
of concrete mxtures by 12 percent. Since less water is used, drying
shrinkage will be slightly reduced. Another item of particular inportance for

14
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corrosion-prone areas such as the tropics is the inprovenent in resistance to
chloride ion penetration for concrete containing high-range water reducers.

3.4 Corrosi on

3.4.1 Pre-construction Corrosion Control. Do not use salt-contam nated
aggregate. The use of coral concrete devoid of salt is beneficial in
retarding the rate of oxygen and chloride ion transport to the ferrous netal
surface. In a few instances, cathodic protection has been used to protect
reinforcing steel. The results of laboratory and field tests reveal that

fusi on-bonded epoxy coatings on reinforcing steel also provide adequate |ong-
termcorrosion protection;, however, availability and costs nust be considered.
Consi der an increase in the concrete cover over the reinforcing steel to
reduce the risk of corrosion of the steel. Significant corrosion of stee
enbedded in concrete is a major problemin tropical environnments. St eel
corrosion occurs wthin concrete, regardless of the type of aggregate, as an
el ectrochem cal and oxidation-reduction reaction. Control the corrosion rate
by reducing the rate of oxygen transport through the free water within the
concrete to the ferrous netal surface or to the reinforcenent.

3.4.2 Corrosion Treatnent. After corrosion of steel reinforcenent begins
in an existing structure, there is no satisfactory attenuation technique.
Concrete surface coatings such as coal tars, cut-back asphalts, and asphalt
enmul si ons have been tested, but nost are ineffective in preventing noisture
mgration in concrete over time. Properly fornulated epoxy resin coatings are
superior In preventing noisture magration. Conmpl etely expose and renove all
rust fromcorroded reinforcing steel in repair operations. If corrosion is
too advanced, replace reinforcing before concrete repair.

3.5 Hot - Weat her Concreting. Ensure that specifications include
provi sions for hot-weather concreting procedures in conformance with American
Concrete Institute (AC) Recomrended Practice 305, Hot-Wather Concreting.

3.6 Concrete Reinforcenent

3.6.1 Precaution Wien Using Galvani zed Reinforcement. @Galvanic action
occurs when freshly mxed concrete is placed in contact with gal vani zed and
ungal vani zed steel which are tied together. These netals in the presence of
portland cenent paste acting as an electrolyte, create an el ectrochenica

cell. Glvanic action within hardened and fully-cured concrete may not
necessarily pose a problem because of the very low currents generated. A nuch
nore severe problem exists, however, when the concrete is fresh. Until the
concrete sets, very large currents may flow from zinc anodes to the iron

cat hodes, where hydrogen ions acquire electrons and form nol ecul ar hydrogen
which is liberated along the cathodic surface. This gas generation can cause
expansi ve pressure on the concrete encasing the steel reinforcement creating a
gas-filled void along the entire surface area of the reinforcenent.
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3.6.2 Epoxy Coating. Reinforcing steel may be epoxy coated for tropica
construction to reduce corrosion damage in |and based concrete construction.
Adhesion to cured concrete is higher than uncoated steel (1500 plus or mnus
100 psi). Rebars can be expected to rust only where subjected to oxidation
when the coating is broken, nicked, or abraded. Coatings are tough enough to
wi thstand nost construction activity w thout appreciable danage; however, bend
and cut reinforcenent before epoxy coatings. There are epoxy patch repair
coatings available to touch up nicks and abrasions.

3.6.3 Synthetic Fiber Reinforcing. Synthetic fiber concrete
reinforcenent is useful as a secondary concrete reinforcenent to reduce
concrete cracking. Cracks that normally would result from drying shrinkage
and tenperature changes can be reduced by using this material. Synthetic
fiber in concrete is alkali-resistant and experiences no known corrosion.

G ve special consideration to this product as attenuation of shrinkage cracks
will probably result in better corrosion control of reinforcing steel
Synthetic fiber is strongly recommended for areas such as thin sections,
precast units, vaults, concrete pipes, sidewalks, and especially slabs on

gr ade.

3.6.4 G ass Fiber Reinforcing. dass fiber reinforced portland cenent
concrete allows the production of architectural elenments such as cladding
panels without the use of reinforcing steel, resulting in virtually rust-free
members. dass fiber reinforced concrete is also suitable for use as fascia
panel s, soffits, sun screens, mansard roofs and interior feature panels.
However, do not design glass fiber reinforced concrete to carry vertical |oads
nor use it as part of the lateral load resisting system of a building

although it can resist lateral wind loads and its own seismc |oads.

3.7 Concrete Accessories

3.7.1 Anchors and Inserts. Protect anchors, inserts or any other type of
item such as connectors used in precast construction, against corrosion by
coating with fusion-bonded epoxy. \Wen possible, hide connectors inside
concrete and grout with non-shrink, nonnetallic grout.

3.7.2 Enbedded Items. \Werever possible use hot-dip gal vani zed enbedded
ferrous nmetals. Follow the hot-dip galvanizing by dipping in a chromate bath.
This requirement also applies to enbedded ferrous pipes and conduits which
will be covered with a bitum nous or other protective coating before being
enbedded in concrete. Do not enbed aluminumitens in concrete construction.

3.7.3 Accessory Itenms. Use non-netallic plastic base material for al
chairs and supports for securing reinforcing steel located within 1-1/2 inches
of any concrete surface. Use non-galvanized tie wire with standard
reinforcenent to attenuate the galvanic action of dissimlar netals.
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3.7.4 Dissinmilar Mtals. To attenuate the galvanic action of dissimlar
met al s when gal vani zed netal is proposed for use, take one of the follow ng
two alternative steps:

a) Elimnate the dissimlar metal condition by providing either
all galvanized or all non-galvanized ferrous itens, or ensure that all
gal vani zed itens are separated or insulated fromall non-galvanized itens
before placing of concrete; or

b) Use epoxy-coated reinforcing steel. This alternative is
recommended for extremely corrosive marine environnents.

3.8 Concrete Curing. Tinmely and appropriate curing procedures are
critical factors for quality control of concrete. Do not use seawater or
bracki sh water for curing reinforced concrete. Do not use chemical additives.

3.9 Structural Precast Concrete. These paragraphs cover precast
concrete, both prestressed and reinforced, including non-stressed decorative
panel s and precast itenms such as nanhol es and covers. Prestressed concrete

i ncl udes pre-tensioned and post-tensioned structural nenbers.

3.9.1 Prestressed Concrete Menbers. The use of prestressed concrete for
structural nenbers in tropical environments is recommended. However, the
project design and specifications nust contain adequate quality contro
provisions to assure proper construction and protection against corrosion.

3.9.2 Probl em Areas. Consider the several major problem areas before
choosi ng precast and prestressed concrete.

a) Corrosion of steel
b) Water infiltration through construction joints.

¢) Shrinkage and tenperature cracks which can occur if proper care
is not taken when designing end connectors.

d) Transportation of precast itens.

e) Field erection tolerance control and difficulty of field
nmodi fications to correct out-of-tolerance itens.

3.9.3 Materi al s. Coat reinforcing steel, including tie wires, in precast
concrete panels with fusion-bonded epoxy as well as all steel accessories.

The use of admi xtures is encouraged to provide the nobst workable concrete mx
with the mnimumwater to cenent ratio.
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For prestressed tendons, apply the coating as an electrostatically
charged dry powder sprayed onto a grounded steel bar using an electrostatic
spray gun.

3.9.4 Criteria for Design. In the design of precast and prestressed
concrete itens, fully detail and delineate the design of the nenber
connections, including the proper formng and construction, to ensure maximum

per f or mance. Connections and joints for exterior wall panels nust be
watertight, and at the same time, allow shrinkage and tenperature differentia

movenent . Do not use welded or bolted netal connectors where exposed to the
weat her, unl ess such conponents are of stainless steel or fusion-bonded epoxy
coated steel. \Were connectors are recessed, allow a mninum 2-1/2 inches of

concrete cover for epoxy resin filler.

3.10 Post - Tensi oned Concrete. G ve special attention to post-tension
strands when designing in tropical environments. The Post-tensioning
Institute has the followi ng recommendati ons for unbonded tendons.

3.10.1 Tendons.  For unbonded tendons use prestressing steel pernanently
protected against corrosion by a properly applied coating of epoxy, grease,
wax, plastic, bitumastic, asphaltic mastic, or other approved naterial

Ensure the coating remains ductile and free from cracks and does not becone
fluid over the entire operating or anticipated range of tenperatures. Ensure
that the coating is chemcally stable, and be nonreactive to steel, concrete
and the material used for sheathing. Make sure the coating material adheres
to and be continuous over the entire tendon length to be unbonded. \Were
coating naterial is applied before the tendons are pulled into the ducts or
casings, ensure the coating material is sufficiently tough to resist abrasion.

3.10.2 Sheathing. Ensure that the sheathing for unbonded tendons has
tensile strength and water-resistance sufficient to resist unrepairable damage
and deterioration during transport, storage at job site, and installation.

The sheathing prevents the intrusion of cenent paste and the escape of coating
mat eri al

3.10.3 Anchor age. Protect the anchorage of unbonded tendons from
corrosion. Encase anchorage zones in concrete or grout and ensure the
encasenent is free fromany chlorides. Portland cenment sand grout and epoxy
mortars have been used for this purpose. Detailing of the concrete or grout
encasenment, design of the mx, and details of application are npst inportant.
Include design features permtting a watertight connection of the sheathing to
the anchorage, and watertight closing of the wedge cavity in anchorages
intended for use in corrosive environnents. |n such cases, the filmthickness
of the coating after curing shall be 5 to 12 mls inclusive.

3.10.4 Concrete. The use of quality concrete, adequate cover, good
construction practices, and the use of linited water soluble chloride in the
concrete are all necessary to assure long-term durability, particularly in
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aggressive environnents. Extra cover cannot be a substitute for quality
concrete

3.10.5 Chlorides. Although research and experience to date have
denonstrated that unbonded tendons exposed to seawater and other aggressive
environnents are durable, do not use unbonded tendons in applications directly

exposed to seawater. In addition, do not use admi xtures containing calcium or
aggregates containing chlorides in posttensioned structures. This restriction
refers also to the nortar used to patch or fill stressing pocket recesses.
3.10.6 Design Considerations. |f higher prestress forces are used to

create watertight concrete, incorporate allowances for elastic shortening as
wel | as creep and shrinkage in the design.

3.11 Speci al Concrete Finishes, It is inportant, however, to be aware
of mldew problens that exist, especially on untreated, exterior, textured
surfaces. In areas subjected to salt-laden, wi nd borne exposures, specify

long-life surface coatings, such as concrete and masonry block filler with two
finish coats of exterior-grade paint, for all exposed concrete.

3.12 Concrete Cover. See Table 1 for recommended mini num concrete cover
over non-coated reinforcing steel in tropical environnents.

Table 1
Rei nforcing Steel Concrete Cover

LOCATI ON CAST- | N- PLACE CONCRETE TYPE PRESTRESSED
PRECAST

Exposed to the Weat her 3 inches 2 inches 2 inches
Interior Beanms and 2 inches 2 inches 2 inches
Colums (to Ties)
Interior Walls and Sl abs 1 inch 1 inch 1-1/2 inches
(Except Nos. 14 and 18
Bar s)
Slabs on Gade (Wre 1/2 thickness of slab but not |ess than 2 inches
Fabric)
Waterfront (10 Feet 3 inches 3 inches 2 inches

Bel ow and 10 Feet Above
Mean Low Tide)
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Section 4: MASONRY
4.1 Scope. This section pertains to concrete masonry units (CWMJ), both
solid and hollow, used in general construction. Cay bricks are not included
since their use in many areas cannot be econonmically justified.

4.2 General Design Considerations

4.2.1 Water Infiltration. Water infiltration of concrete masonry units
is the nmajor problem associated with the use of masonry in the tropics. Gve
careful attention to the density of the block as well as to the tooling of
joints, and applications enployed to reduce water infiltration. As wth
concrete, avoid salt in the aggregate or water. Limt chloride concentration
inthe nortar mix to minimze corrosion of enbedded steel itemns.

4.2.2 Block Selection. Avoid the use of split-face and scored-face units
in outdoor or exposed applications. These units are difficult to properly
seal with block filler during painting and ultimately may contribute to |eaks
or noisture problenms. Additionally, scored-face units may accumulate dirt and
provide a place for wind-born seed germination. Consider these units a

mai nt enance probl em because of the difficulty of cleaning them

4.3 Construction/ Materials Consideration. CMJis very often the
material of choice in the tropical regions because of its universa
availability and the famliarity of local workmen with its use. Because of
the scarcity of clean water and aggregate in many areas of the tropics, it is
frequently the only choice. It is ideally suited for use in lowrise and non-
air conditioned structures.

4.4 Masonry Units
4.4.1 Application. Concrete masonry units are acceptable for genera

construction in the tropical environnent. A mmjor disadvantage for their use
for exterior wall construction is high porosity. The wind-driven rain in the
tropics can readily infiltrate the units and create noisture problens if
appropriate action to prevent water infiltration of the masonry units is not
taken. Al though sonme success has been achieved in stopping water infiltration
through masonry units, it has been on a short term basis and periodic surface
treatment is necessary to ensure continued protection. CMJ construction can
be extensively used in the tropics; however, quality control must be ensured.
Tool all joints exposed to the weather to ensure maxi mum conpaction and
density of the joint nortar. Do not specify struck joints except for interior
surfaces of walls or where water infiltration will create no probl ens.

4.4.2 Material s. Do not use brackish water or seawater in any connection

with masonry construction. Specify Type | or Type Il portland cenent for the
manuf acture of the masonry units and for the nortar and grout.
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When conventional aggregates are not available locally, cora
aggregate has been proven acceptable. Ensure the specific gravity of the
coralline material is not less than 2.40. Fine aggregate may be washed,
natural beach sand, manufactured sand, or a conbination of beach and
manufactured sand. Sand shall be devoid of salt to the maxi num extent
possi bl e; the salt content shall never exceed 0.7 percent by weight. Specify
washing with fresh water.

4.4.3 Design Requirenents. The weight of masonry units for genera
construction in a tropical environment is not inportant except as it affects
porosity. Direct design and production of masonry units towards reducing
shrinkage, porosity, and absorption. Proper vibration and autoclave curing
provide for better quality units. Admixtures to densify units are

r ecommended. Speci fy | oad-bearing type masonry units.

a) Incorporate weep holes in exterior CMJ walls to drain each

ungrouted CMU cell. Provide weep holes over bond beans and other solid
precast nenmbers. Indicate how to prevent inadvertent sealing of such weep
holes with nortar droppings during the construction of the wall. I ncl ude

field tests to ensure conpliance in the specifications.

b) Gal vani ze enbedded steel itens except reinforcing bars, and
closely nonitor all construction to prevent steel corrosion. Separate
gal vani zed and non-gal vani zed ferrous itens to preclude the galvanic action
when nortar is placed.

¢) Use hot-dip galvanized enbedded ferrous netals wherever
possi bl e. Follow the hot-dip galvanizing by dipping in a chromate bath. This
requirenent also applies to enbedded ferrous pipes and conduits which must be
covered with a bitum nous or other protective coating before being enbedded in
concrete. Do not enbed aluminumitens in masonry construction
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Section 5: METALS

5.1 Scope. This section covers structural steel and netals in a
generic nature and does not deal with specific products.

5.2 CGeneral Design Considerations. Since nost netals deteriorate as a
result of exposure to the action of oxygen, water vapor, carbon dioxide, salt
and ot her chem cal substances, the use of netals in tropical area construction
requires careful consideration. High humidity and the heavy concentration of
salt in the air, soil and in the water in the tropics provide an idea
environment for netal corrosion to occur. Protection of all netals fromthese
conditions is critical

5.2.1 Corrosion Protection. It is equally inportant to avoid corrosion
of netals caused by galvanic action between two dissimlar nmetals. Sone neans
of separating dissimlar netals nust, therefore, always be found. Because of
the conbination of both high humdity and salt-laden air, the key to an
acceptabl e steel structure is understanding that each steel conmponent must be
properly and adequately maintained. Any structural joints that are accessible
to noisture are also be accessible for proper inspection and maintenance.
(Refer to para. 15.4 for a conparison of netals exposed to various potentially
corrosive environments.)

5.2.2 Moi sture | ntrusion. If the design of the steel structure precludes
adequat e mai ntenance accessibility, then the design also precludes noisture
accessibility to such menbers and joints. The design of structural nenbers
provi des for adequate shedding of rainwater and pernmits water entrapnent.

5.3 Ferrous Metal. Avoid unprotected ferrous nmetal in exposed

| ocations wherever possible. It is particularly unsuited for coastal salt-

| aden environnents. For protected interior locations, hot-dip galvanizing is
acceptable; for exposed exterior locations, it is not recommended. Hot-dip
gal vani zi ng does not provide adequate protection in exposed coastal salt-Iaden
envi ronments. If gal vani zed ferrous nmetal must be used, it is advised that a
three-layered paint coating of all surfaces be applied, Consi der nenbrane
type paint (not latex), or high solids epoxy for best results. Electroplating
or cadmiumplating is not permtted.

5.4 Alumnum  Aluminumis subject to pitting or corrosion in salt-

| aden environments. It is recoomended that heavy duty anodized coatings be
required. For covering |arge expansive areas, recognize that even I|ight
shades of dark colors pick up excessive solar radiation. Because of this
potential for heat gain, all designs involving color-anodized al um num
products need to accommpdate expansion caused by heat. Take care to avoid
gal vanic action conditions, particularly in salty, wet areas.
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5.5 Copper and Copper-Bearing Metal. Copper and copper-bearing netal
are particularly susceptible to solar radiation build-up. Alow for excessive
expansion and novenent. Be cautious of galvanic action conditions.

5.6 Structural Steel

5.6.1 CGeneral. The use of structural steel in a tropical environnment has

been fairly successful when properly designed, protected, and maintained.
However, structural steel is only one of the many construction conponents that
requires a systematic nmaintenance program to provi de economical service life.
It is unreasonable to galvanize significant quantities of structural steel
Therefore, it is necessary to design systens that can be maintained over the
life of the project. Avoid conceal ed and inaccessible nmenbers. Paint exposed
structural steel for interior uses. For exterior uses, consider high-
strength, lowalloy steel. Avoid exterior bolted connections; continuous

wel ding with no voids is recommended. Consider epoxy paint systems or

el astomeric systens. \Where possible, have structural steel shipped preprined,
with prine coating touch up in the field.

5.6.2 Steel Exposure. Generally, for interior use standard structura
steel with a mininum coating systemof a prinmer and one coat finish is
recomended. Ensure that the coating systemis appropriate to the level of
corrosiveness of the environment. Also ensure that structural steel is
factory primed before being transported.

a) Wen structural steel is exposed to the weather and cannot be
subjected to a proper maintenance program (despite having been treated with a
coating systen) avoid its use at all if possible. H gh-strength |owalloy
steel may be used in exterior applications if structural and economc
requirenents justify its use.

b) In a tropical environnent, with seawater mist, a coating system
for protection against the weather and corrosive elements is required. In
addition, consider galvanizing under the coating systemin structures where
exposure to severe corrosion is anticipated.

c¢) Wen galvanizing is cost prohibitive, on steel menbers use two
coats of shop primer in conbination with two finish coats. Surface
preparation includes sandblasting or mechanical brushing to near white stee
prior to paint application.

d) Wiere fasteners are exposed to the weather, specify gal vanized
ferrous metals, stainless steel, brass, bronze, copper, alumnum or other

corrosion resistant netals. In addition, consider the electrolytic action of
dissimlar netals in the selection of various netallic itens, particularly
where concrete is a conponent. Do not use ferrous netal as finishing strips

or as conponents of other securenent systems, even if a protective coating is
to be provided.
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5.6.3 Fabrication and Construction. \Were structural conponents are
adequately protected fromthe elements, connectors may be made up of bolts and
welds. After steel construction is conpleted, touch up all damaged shop prine
and finish coats with the identical paint material and give one or two finish
coats as necessary. As in exterior application, surface preparation includes
sandbl asting or nechanical brushing to near-white steel

el ded connections are recomended where structural conponents are
exposed to the elenments. If bolted connections are required for either
| ocation, economc, or structural reasons, keep themto the minimum In any
event, specify the proper coating system

Design connections to preclude pockets or recesses that can trap
dust, debris, and nmoisture. Peen and powder brush welded joints and renpbve
all trace of weld flux (slag). Avoid intermttent welds; require that welds
be continuous and designed to completely seal off all contact surfaces of the
structural menbers.

5.7 M scel | aneous Metal Items. Discussion under this section covers
all types of netal products and items not covered specifically in other
sections. It is also intended to augnment other sections where sinmlar base

metal products and itens are discussed. M scellaneous items include anchor
bolts, nuts, nails, bolts, screws, straps, connectors, fasteners, and other
itens used to either secure one or nobre structural conponents together or
attach one construction itemto another.

5.7.1 Corrosion Exposure. The areas adjacent to miscellaneous neta
itens are often nore susceptible to corrosion than their conponent parts, due
partly because of damage during installation. This condition is worse when
dissimlar metals are used. \Wen exposed to aggressive elenents, these areas
becone the nobst corrosive |ocations on any project. Exposed architectura
itens are |ikew se subject to significant corrosion; these include itens such
as handrails, protective guards, and wire screens.

5.7.2 Corrosi ve Environnent. In a corrosive environment, even with the
proper selection of materials, the careless installation procedures of
conponents can conpletely negate the quality of the designed project.

5.7.3 Dissinmlar Mtals. Galvanic corrosion, where dissinmilar netals are
encountered, creates mmjor problem areas when not properly protected. Were
dissimlar netals are specified, provide protective coating (insulation)
between the itemns.

5.7.4 Alumi num and Concrete. Protect alum num placed agai nst concrete
and cement masonry surfaces. Coat the contact surface of the al uminumwith
priner and two coats of bitumen or protect by gasketing or protective tape.
Synthetic or rubber-base sealants may be used as protective barriers in
addition to the coating where applicable.
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5.8 Protective Coatings. The choice of coating is dependent on

| ocation, degree of sun exposure and protection from the weather, including
the type of construction selected. Bitum nous paints, heavy-ml| plastic tape,
or neoprene-type gasketing may be used as a protective coating between
dissimlar metals. Use acrylic paints with zinc chromate type priners in
exposed applications with a mnimmof one priner coat and two finish coats of
pai nt.
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Section 6: WOOD AND PLASTI CS

6.1 Scope. This section covers rough carpentry, heavy construction
tinmber, finish carpentry, plywod, wood treatnents, prefabricated structura
wood and its uses and prefabricated plastics. Rough hardware, particle board
and treatnent and use are also included. \Waterfront tinber and marine piles
are covered in Section 2.

6.2 CGeneral Design Considerations. Due to the high potential for decay
and termte attack in the tropics, it is recomended that use of wood be
m ni m zed. If wood is used, thoroughly pressure treat and maintain accurate

i nspection to ensure proper treatment.

6.3 Construction/ Materials Consideration. Wod materials and products
in the tropics are subjected to constant exposure to noisture fromhumdity,
rain, and w nd-blown spray. Additionally, boring and nesting insects, nolds
and mldew, and various forns of rot are constant problens. Plastics,
however, are generally not affected by these problens, but constant exposure
to the ultra-violet rays in sunlight can cause structural failures ranging
from delam nation in fiber-reinforced resinous materials (fiberglass) to
actual chem cal and physical breakdowns in certain plastics such as pol yvinyl
chl oride (PVC) shapes and fil ms.

6.4 Lunber. Base selection of wood for exterior |unmber and tinber on
strength and treatability. Strength can generally be handl ed by size
variation. Treatability is a function of species and heartwood percentage.
Heartwood of nost species is alnost inpossible to treat effectively for the
more voracious ternmtes, so selection of a species of wood having a high
sapwood content will generally produce superior treatnment results. Fi ni shed
moi sture content of |unber and tinber relates to air humdity conditions of
site, but noisture content shall be not nore than 19 percent.

6.4.1 Gulam Menbers. Fabricate glulam menbers from treated |unber. Do
not expose glulam nmenbers to exterior clinmatic conditions. Sun and water
exposure can deteriorate such nenbers. Waterproof glue bonding is essential

6.4.2 Plvwood.  Ensure plywod has full penetration treatment of the
recommended retention for pressure treatment. Except for special
applications, use only exterior type.

6.4.3 Particle Board. Do not use this material in the tropics. It is
unstable in wet or humd conditions and cannot be preservative treated.

6.4.4 Hardboard Siding. Do not use this material in the tropics.
Manufactured from tenpered hardboard, it is usually finished with a texture to
simulate wood siding. It cones in sheets like plywod siding and installation

is the same as for plywood. However; it cannot be treated against ternites
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and, although it is not preferred over wood for food and nests, they wll eat

through it to find wood. |If wood siding is desired, specify treated plywood
si di ng.
6.4.5 Rough Hardware. Hot-dip galvanize all ferrous netal hardware. For

extreme exposed | ocations, consider stainless steel as a nore appropriate
material .

6.5 Pressure Treatnments

6.5.1 Decay and Insect Resistance. Pressure treat all construction

[ unber tinber with one of the follow ng waterborne arsenical salts:

anmoni acal copper zinc arsenate (ACZA), or chromated copper arsenate (CCA).
Use the AWPB Standard LP-22 Standard for Softwood Lunber. Tinber. and Pl ywood
Pressure-Treated with Water-Borne Preservatives for Above Gound Use, or LP-2
Procedure for Soft W.od Lunber, Tinber. and Plwood Pressure Treated Wth

Wat er - Borne Preservatives for Above Gound Use, with a preservative retention
rate of 40 and 25 percent for soil contact and above ground respectively.
Prior to construction, treat the soil beneath a proposed structure with a
termticide.

6.5.2 Finish Items. For finish items not exposed to weather, usually for
cabinets and mllwork, one of the follow ng waterborne preservatives nay be
applied: 2 percent copper napthenate, 3 percent zinc napthenate, or 1.8
percent copper-8-quinolinolate. Only the copper-8-quinolinolate is pernmtted
for use on wood in contact with food. Always follow | abel directions when
using any preservative.

6.5.3 Fire Resistant Treatnent. \Werever fire-retardant wood is
required, use a nonhydroscopic fornulation in accordance with the Angerican
Wood Preservers Association (AWA) Standard C2, Lunmber. Tinber. Bridge Ties
and Mne Ties - Preservative Treatnent by Pressure Process, and AWPA Standard
C9, Plwood- Preservative Treatment by Pressure Process. Fi re-resi stant
treated wood cannot be given a transparent finish. If a stained and clear
finish is required, consider the use of intunescent, transparent varnish.

6.6 Plastics

6.6.1 Pol yvinyl Chlorides (PVGCs). PVC pipe is not W-resistant and is
not to be used above ground and exposed to sunlight: this includes exposure
during brief storage periods. If no alternative is possible and PVC nust be

used above ground in rare instances, give it two coats of paint conpatible
with PVC.  ABS (acrylonitrile-butadiene-styrene) piping is U-resistant and is
used for exposed applications.
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6.6.2 G her Plastics. Mst plastics (such as acrylics and
pol ycar bonates) used in exterior applications such as signage and gl azing are
WV-resi stant. Fi bergl ass materials are not WV-resistant. After prolonged

exposure to sunlight, they fade, enbrittle, and del am nate.

6.6.3 Interior Applications. There are no unique restrictions regarding
the interior use of plastics in the tropics.
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Section 7: THERVMAL AND MJ STURE PROTECTI ON
7.1 Scope. This section covers various roofing systens and their
performance in a hot and humid tropical environnent of frequent wi nds, driving
rain, and intense sun.

7.2 General Design Considerations

7.2.1 Roofing Systems. For the purpose of this handbook, roofing systens
include the roof deck, insulation if used, the roof menbrane, vents and

drains, and any other elenent incorporated into the system The follow ng
roofing types throughout the tropical hunmid zones are predom nant because they
have provided satisfactory service:

a) Built-up (Bitum nous) Roofing (BUR)
(1) Wth Mneral -Surfaced Cap Sheet
(2) Smooth Surfaced with Reflective Coating
(3) Wth Gavel Surfacing

b) Elastonmeric Roofing (Sheet-Applied)

¢) Elastoneric Roofing (Fluid-Applied)

d) Corrugated Metal Roofing

7.2.2 Conparison of Roofing Systems. For a conparison of roofing systens
and materials, see Table 2.

7.3 Bui lt-up Roofing (BUR)

7.3.1 General. Built-up roofing systens in tropical-hunid environnents
have perforned well, especially on roofs wthout insulation. Certain
instal |l ati ons however have not performed well -- gravel surfaced roofs, roofs

over insulation, and those installed on existing dead flat roofs. The gravel
surface, wusually coral, blackens with algae and deteriorates, becomng a
growt h medi um for sprouting seeds.

7.3.2 Insulation. Insulating a BUR roofing systemadds to the layers of
an already |abor intensive installation with a greater chance of moisture
becomi ng entrapped in the system The insulation provides a path for water
infiltration from mnor |eaks which would have been only a local problemif
the insulation were not under the roofing menbrane. \Were insulation is
mandat ed, such as for air-conditioned buildings, carefully and properly
install the roofing systemto mnininize these problens.
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Table 2

Uv-
COSsT | Wi/ SERV. | WAR- RESI S-

ROOFI NG TYPE |RANGE| 100 SF | LIFE | RANTY |TANCE | REMARKS

BUI LT- UP

Asphal t: Base | 1-2 400 I'b | 5-20 10- 15 Good Most prone, because

sheet, 2 plys, of conplexity, to

m neral cap | eakage and sheet
moi sture entrapnent
in system

FLUI D- APPLI ED

Acrylic 2-3 7-20 1-20 Good Use on slopes 1/2:12

El ast omer or greater. Do not

w o foam 23 1Db use in areas wth

wl in. foam 47 1b relative humdity
averagi ng 80-85
percent annually.
Recommend use of fast
setting conpounds.

Pol yur t hane 4-5 7-20 1-20 Fair Moi sture cured ure-

El ast omer Good t hanes-use on sl opes

w o foam 30 Ib 1/4:12 or greater.

w1l in. foam 53 1b Cat al yzed uret hanes -
use on roof of any
sl ope. Resistance to
W is good if top-
coated with aliphatic
ur et hanes.

SHEET- APPLI ED

Pol yvi nyl 4-5 30 Ib |10-20 5-10 Poor Poor resistance

Chloride to petrol eum and

(PVQ) sol vents.

Et hyl ene 4-5 35 Ib |10-30+| 10-25 Good Poor resistance to

Propyl ene petrol eum nost oils,

Di ene and plastic roof

(EPDM cenent .
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Table 2 (Continued)
Roof i ng Systenms and Materials

Uv-
COosT | Wi/ SERV. | WAR- RESI S-
ROOFI NG TYPE |RANGE| 100 SF | LIFE | RANTY |TANCE | REMARKS
SHEET APPLI ED
(Cont.)
Chl ori nat ed 4-5 301D 5-15 | 10 Fai r Poor resistance to
Pol yet hyl ene max. petrol eum di stil -
(CPE) | ates, strong
oxi di zers, aromatic
hydr ocar bons.
Modi fi ed 3-4 130 I'b 5-15 5-10 Fair Poor resistance to
Bi t unen petrol eum distil -
| ates, hydrocarbons,
sol vents, and some
cheni cal s.
FI BER REI N- 3-5 | 400- 30-50 30-50 | Good | Use on slopes 4:12
FORCED CEMENT 560 Ib (W o waterproofing).
( NON- ASBEST(S)
CORRUGATED
METAL
Al um num 3-4 60 Ib | 10 Good
Gal vani zed 3-4 180 Ib | 10 Good
St eel
7.3.3 Design Guidelines. Consider the follow ng guidelines for all BUR
install ations:
a) Use only glass felts. Do not use organic felts.
b) Use Type IV asphalt.
c) Use a reflective mneral surfaced cap sheet system or a

reflective coated smooth surface system

for use in the tropics and it
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airfields or in areas subject to hurricanes and typhoons. \ere gravel
surfacing is used, it is recommended that it be "double surfaced" (an

addi tional surfacing of hot asphalt and aggregate placed over the original
asphalt and gravel surfacing). This provides additional protection against
lift-off and aggregate blowi ng during high wi nds. Note, however, that double
surfacing adds both substantial weight and cost to the roofing system

d) Wwere insulation is required for a wood deck, install the
insulation inside the building under the roof instead of on top under the
roofing if possible. This is not recommended for a concrete deck.

eg) Install the recomended built-up roofing systemonly on roofs
with a mninumslope of 1/2 inch in 12 inches. In new construction, provide a
slope to the structural deck of 1 inch per foot for positive drainage. For
existing roofs of less than 1/2 inch per foot slope, consider another roofing
system

7.4 Single-Ply Roofing Systems. Sheet-Applied. Single-ply roofing
systens have been in place on roofs in tropical-humd environnents for many
years. Failures generally have been linmted to roofs of conposite preforned
sheets with vinyl as part of their makeup. These sheets shrink and become
brittle under the intense tropical sun. On the other hand, rubber sheets of
EPDM have proven to be notably successful when applied directly to concrete
roof decks or over insulation by the fully adhered nethod.

7.4.1 EPDM ( Et hyl ene Propyl ene D ene Mononer). This material is an

el astoneric rubber sheet specially fornulated as a flexible, stretchable roof
covering. It is applied to the substrate by one or a conbination of three
et hods:

a) Fully-adhered with a bonding adhesive

b) Mechanically fastened

¢) Loose-laid and ballasted with concrete pavers

Ful l y-adhered and nechanically fastened systens, only, are
recommended for use in the tropics and especially in the areas subject to

hurricanes and typhoons.

EPDM sheets are manufactured in 9 to 10 foot w de sheets which are
cut to length, allowed to relax, and then glued to the substrate. Laps are

glued with splicing cement. The black EPDM sheets are either manufactured
with a light-colored, factory-laninated reflective EPDM or Hypal on sheet or
can be coated with a reflective liquid coating after installation. In the

tropics, coat the EPDM  Recoating will be necessary in 3 to 5 years to
maintain high reflectivity. The type with the factory-laninated reflective
surface is recomended as the life of the menbrane will far out last the
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field-applied coating. After the factory-applied surface has deteriorated
(about 10 years in the tropics) the EPDM nenbrane can be field-coated for
reflectivity.

EPDM sheets are produced in various thicknesses; but only consider
the 60 m| thickness for use. The usual insulation for EPDM roofing is a
conposite urethane/perlitic fiberboard which is installed with the perlitic
fiberboard to the roof in hot asphalt and the EPDM to the urethane side wth
adhesives. EPDM roofing is not resistant to grease and oil and cannot be used
near exhaust vents from food preparation areas.

7.4.2 Mdified Bitumen. This sheet nmenbrane roofing does not yet have an
extensive track record for installation in a tropic humd environnent. The
single-ply nenbrane is conposed of bitumen nodified with plasticizers.

Modi fied bitunen/reinforced (MB/R) menbrane includes a reinforcement at md-
depth with a glass fiber or simlar reinforcing mat. Total menbrane thickness
for MBIR is about 160 mils (slightly less for non-reinforced nmenbranes). The
menbrane is bonded to the substrate in its own hot asphalt with a torch
applied to the nenbrane as it is rolled into place.

If this systemis applied over urethane foaminsulation, first
protect the insulation with another |ayer of rigid perlitic fiberboard

insulation with joints staggered over those of the urethane board bel ow. | f
insulation is required, if at all possible, place the insulation inside under
t he roof deck. It is recomrended that nodified bitumen menbrane not be

installed on roofs with a slope of less than 1/2 inch in 12 inches. Mbdified
bi tunen menbrane is not tolerant of ponding water.

7.5 El astoneric Roofing. Fluid-Applied

7.5.1 El astoneric Liquid Rubber Coatings. These will provide a highly
reflective surface that will remain so for nmany years. Such a coating wll
greatly reduce air conditioning |oads even in un-insulated buil dings.
Material, whether it be urethane, silicone, or acrylic has the follow ng
properties.

a) The material has high solids liquid, 60 percent or greater,
vol une solids and nust be resistant to ultraviolet |ight.

b) It nust be capable of at |east 150 percent elongation and
recovery and nust adhere to the substrate.

c) The material selected nust w thstand ponding water, especially

if the roof slope is less than 1/2 inch in 12 inches, and if the coating is
protecting topside insulation.

7.5.2 Application. El astoneric liquids are usually applied to a clean,
dry substrate with airless spray, brush, or roller. The coating is self-
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flashing and can be sprayed up vertical surfaces. Apply the coating to a

m ni mum t hi ckness of 60 nmils, but 60 mls to 90 mls is reconmended as a
mnimmif the liquid coating is over topside insulation such as sprayed in-
pl ace pol yurethane foam (PUF).

Achi eve the recomrended thickness by applying successive coats of
approximately 20 nmils each. Vary each coat slightly in color (grey, tan, and
white for exanple) so that the final coat is of the desired color and the
covering of the preceding coat can be observed and neasured.

7.5.3 Acrylic Elastomers. These are usually water based, which makes
them easy to apply and to clean up; and they are relatively inexpensive.
Sel ect material that has a short cure tinme.

7.5.4 Pol yur et hane El astomers. These materials can be either one- or

t wo- conmponent and are usually spray applied. Ganules are often added to the
final coat to provide traction (silicone can be slippery) and to harden the
final coat. These coatings are prone to pinholing when applied in thick coats
(over 30 mls wet).

7.5.5 Vinyl, Hypalon, and Neoprene. These coatings are not reconmended
because of their [ow volunme solids. Butyl coatings are not recomended
because they are not resistant to high levels of ultraviolet |ight.

7.6 Shingle and Tile Roofing. Wod shingles and shakes, clay tile, and
simlar roofing materials are not recommended for consideration in tropical-
hum d environnents for various reasons, including high initial cost and short
life due to rapid deterioration. Asphalt shingles, with lower initial cost,
can require frequent nmaintenance and repair in high-wind areas.

7.7 Fi ber-Rei nforced Cement Roofing. Cement-asbestos roofing and
siding has been a long-life, nmaintenance-free material which has been used
successful ly throughout the tropics and el sewhere. However, because of the
heal th and environnental problens with asbestos it is no |onger avail able.
Non- asbestos sinmilar products are now being manufactured in shingle and
corrugated sheet forns and performwell in a tropical-humd environment.

7.8 Corrugated Metal. Corrugated metal roofing, as used herein
includes gal vani zed netal and alumnum  The material may be factory coated or
unfinished. This material is generally utilized as roofing and siding for
prefabricated warehouse type structures but also have been used on commercia

and residential structures. Provide adequate fastenings and building tie-
downs in hurricane and typhoon areas.

7.8.1 Gal vanized Steel. Use 24 gauge mininmum and coat on both sides to
provide an acceptable long life. Factory finishing is recommended. The
coating nmust be of adequate thickness and be ultraviolet resistant.
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7.8.2 Aluminum Al uminum roofing is 18 gauge minimum and anodi zed

(0.7 ml) or otherwi se factory coated both sides. Separate the alum num from
the steel framework by applying a bitum nous coating to either the alum num or
the steel at the bearing points. Use stainless steel fasteners.

7.9 Insulation and Vapor Barrier. Gve special consideration to
particularly high humdity |ocales such as Guam Philippines, and Diego Garcia
where the 1 percent outdoor anbient dewpoint tenperatures in excess of 70
degrees F nay be higher than the design indoor dry bulb tenperature. \\here
this situation exists, select the insulation to maintain its exterior surface
t emperat ures above the anbi ent dewpoi nt tenperature. Install a continuous
vapor barrier at a location where its tenperature will be above the anbient
dew point tenperature to prevent water vapor frominfiltrating and condensing
within the walls. (See Figures 2 and 3.)

7.9.1 Foam G ass. Foamglass rigid insulation board is a good insulating
material with a high heat resistance (R) value, is dense enough for foot
traffic, and will not absorb water. Foam glass is expensive, however, and is
therefore not often used as a roof insulation.

7.9.2 Fi ber gl ass. Fi berglass insulation is often used as a topside
insulation under a built-up roofing nmenbrane. This insulation will readily
absorb, conduct, and hold water and is therefore often the cause of a roofing
failure. On the other hand, fiberglass is a very good insulating naterial
when placed inside the building on top of a suspended ceiling. Fi berglass is
not reconmended as a topside insulation.

-
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Figure 2
Moi sture M gration and Dew Poi nt
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Moi sture Mgration and Vapor Barrier

7.9.3 Sprayed in Place Polyurethane Foam (PUF). Pol yur et hane foam has
been used as roof insulation. However, the difficulty of obtaining skilled
applicators and the inmpracticability of applying it in windy conditions limt
its use in the tropics.

7.9.4 Pol yurethane Board. Rigid polyurethane board insulation is
manuf actured faced and unfaced. Facings include foil and perlitic fiberboard.

The boards are secured to the deck with mechanical fasteners or with hot
asphalt. In the latter case, the urethane is faced on one or both sides with
perlitic fiberboard. R gid polyurethane insulation board is recommended for
use under EPDM single-ply roofing. In this case, use board that is faced on
the bottom side with fiberboard and top side with foil. Wen used with a BUR
system add a second layer of fiberboard with joints staggered over those of
the urethane board bel ow

7.9.5 Fi ber boar d. Fi berboard is not reconmmended as a roof insulation in
the tropics. It will absorb, conduct, and hold water. It swells when wet and

deteriorates. As a result the roofing system may blow off when subjected to
hi gh wi nds.
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7.9.6 Fl ashing and Sheet Metal. Mny roofing systenms are self-flashing
or flashing materials are provided by the roofing material manufacturer.

7.9.6.1 Fl ashing. Gutters. and Downspouts. In an atnosphere |aden with
salt spray, stainless steel is recomrended. \ere salt spray is not severe
flashings, gutters, and downspouts may be of stainless steel, alumnum alloy
(3003-N14), or copper. \Were alumnumis specified, ensure thickness is not
less than 0.032 inches. In hurricane and typhoon areas, ensure aluninum
thickness is not |less than 0.065 inches where exposed to the direct w nd.

Al umi num may be used over concrete construction, provided that required
reglets are of stainless steel and aluminum surface in contact with concrete
or masonry is coated with bitum nous paint or zinc chromate priner.

Use stainless steel nails, screws, bolts, and fasteners. Al so
secure flashing at one-half the normal interval to ensure a wind-resistant
installation. Galvanized steel sheet is not recomrended for flashing or for
gutters and downspouts.

7.9.7 Vent Flashing. Lead sheet is recommended for plunbing vents and
ot her pipe penetrations through the roof.

7.10 Seal ants

7.10.1 General. Because of the constant threat to structures in the
tropics caused by the intrusion of moisture and salt-laden air, incorporate
adequate control joints in the structure design and properly detail joints to
be seal ed on the draw ngs.

7.10.2 Selection. There are only three unique considerations for

sel ection of sealants and seals (prefornmed tapes, foanms, and extrusions) for
use in the tropics. They are resistant to ultra-violet light, imersion in or
prol onged exposure to water, and extrene high tenperatures.

7.10.2.1 W _Resistance. Rubberized bitum nous nmaterial, polysulfide and

pol yuret hane seal ants, and styrene butadi ene rubber closure strips all show
only fair to poor WV resistance. Do not consider these materials for exterior
applications where they are exposed to direct sunlight.

7.10.2.2  Water Immersion. Bitumnous, butyl, polybutene, polyvinyl acetate
| at ex, pol yurethane, poly nercaptan, and polyisobutylene sealants all show
poor service characteristics when imersed in water. Consider this in joints
whi ch mght be subjected to periodic flooding, or which night be exposed to
constant, prolonged rainfall or w nd-driven spray.
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7.10.2.3 Hi gh Tenperatures. Although anbient tenperatures may sel dom exceed
110 to 120 degrees F in tropic regions, portions of structures in these areas
may well reach 180 degrees F, or greater depending upon the material, when
exposed to direct sunlight. Polybutene, bitumnous, acrylic-latex, polyvinyl
acetate latex sealants, polychloroprene (neoprene), polyvinyl chloride (PVC),
and pol yurethane foans, and neoprene, PVC, and styrene butadi ene rubber
extruded seals and closure strips have maxi mum recommended service tenperature
ranges from 130 to 180 degrees F. Do not use these materials where structural
el enents exposed to sunlight nay exceed these tenperatures.
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Section 8: DOORS AND W NDOWS

8.1 Scope. This section covers exterior and interior type wood, netal,
and glass doors and w ndows; glazing; and finish hardware.

8.2 General Design Consi derations

8.2.1 Door and Wndow Systems. To mininize the destructive corrosive
tropical elenents that generally cause door and w ndow assenblies to fail,
sel ect pre-manufactured systens conmbined with quality control during
installation. Exterior doors nay be conposed of netal, alum num and gl ass,
all wood and all glass. Wndow systens that utilize factory fabrication for
all conponents including weatherstripping are highly recommended.

8.2.2 Mai nt enance. A regul ar mai ntenance programis essential in the
tropics to reduce the inpact of the destructive elenents. \Wather danmaged
finish of wood or netal doors will expose the doors to rapid deterioration and
costly replacenment unless corrected pronptly and properly. Design doors and
frames against rain infiltration using weatherstripping, interlocking

t hreshol ds and ot her weat hersealing devi ces.

8.2.3 Har dware and Louvers. Provide all netal exterior and interior
doors with tenplate hardware. Avoid |ouvered doors on exterior entrances;
they are very susceptible to weather deterioration. Consider other nmeans to
provide the venting function. Ensure that |ouvers in doors are drainable,
weat her proof and factory-prinmed. Doors with factory-installed |ouvers are
al so reconmended.

8.3 Wod Doors. Treat all wood el enents of exterior and interior
doors.
8.3.1 Exterior Wod Doors. These types of doors are flush solid core

bl ock with type one waterproof glue, face assenbly, medium density overlay
(MDO on both faces. Prior to assenbly, water-repellant treat all woods used.
In addition, treat all edges with two coats of water repellant after
fabrication, with all surfaces being factory sealed with spar varnish or other
approved sealer prior to shipnent. Do not use doors subjected to weather
conditions with no protection from el ements. Historically, failure of wood
doors can be traced to lack of proper primng and finishing on all surfaces,

i ncl udi ng edges and sides of doors.

8.3.2 Interior Wod Doors. These doors may be hollow, mineral or solid
core doors with wood face veneers.

8.4 Met al Doors

8.4.1 Hol low Metal Doors. These are generally used for utility roons,
service roons, exit doors, in areas subjected to above-normal physical abuse,
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and where required by local codes and ordinances. Under these conditions, al
netal doors and franes are conpletely factory finished and salt spray,

hum dity, and weathering tested. Metal covered wood core doors are |ess
desirable than hollow nmetal doors since the sheet nmetal cladding is lighter
and subject to faster deterioration. \ere sound transmission qualities are
required, specify conposite construction steel doors with a Sound Transm ssion
Coefficient (STC) rating.

8.4.2 Fire-Rated Doors and Frames. Strict requirenments for fire doors
and frames (i.e., |abeled doors) preclude changes or nodifications except when
approved by the fire protection engineer. However, to assure naximm
protection for fire doors with ferrous netal conponents, ensure all such
metal s are hot-dip gal vanized, and, in addition, frames are shop prined.

8.4.3 G ass Doors. Vhere design or the aesthetics dictate solid glass or
metal franmed glass doors, franes are stainless steel, type 304 or 316 in 12,
14, or 16 gauge, polished and finished except where the exterior doors are in
a well protected area in which case alum num (clear anodized after
fabrication) may be considered.

8.4.4 Plastic Lami nate Faced Doors. Use plastic |amnate covered doors
primarily for interiors; however, under given design paraneters, they could be
used as an exterior door where weather protection is maximzed (such as where
door is on the lee side of the building or where the building overhang is
sufficient to protect the door from wind-driven rain). These doors are also
of hollow, mineral or solid cores, with high pressure decorative |aninate
facings on all exposed edges. Ensure exposed edges (top and bottom are
weat her proof treated against noisture and water penetration if door is to be
used for exterior purposes.

8.5 W ndows

8.5.1 W ndow Sel ection. Base the selection of w ndow types on the
standard building design criteria including wind conditions and frequency of
tropical storns. QOperable wi ndows of the awning or projected type are the
reconmended options. Jalousie type windows are |less desirable for air
conditioned areas because of their high air and water infiltration factors.

8.5.2 Al umi num W ndows. Al umi num wi ndows, whether fixed or operable, are
the designer's only choice. Al umnum does oxidize readily and the finish
specified should be anodic (clear or colored). Aternatively, factory-applied
fluorocarbon or electro-deposited epoxy finishes provide excellent corrosion-
resistance and color retention. For added protection to anodized finishes,
select a clear aliphatic urethane finish factory-applied over the anodic
coating. Use stainless steel hardware for operable parts.

8.5.3 G her W ndows. Do not use steel, wood, and plastic-clad wood
wi ndows in tropic regions.
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8.6 Gass and dazing. There are few unique requirements for glass and
glazing in tropical areas except for the increased use of tinted glass. Size
and thickness of glass may vary from non-tropical applications because of
increased wind pressure. Plastic and rubber-glazing elenents, including

weat herstrippi ng nmust be UV-resistant.

8.7 Finish Hardware. Do not use copper alloy screws or bolts to secure
or connect aluminumitens, even if the copper alloy itemis plated. Use
stainless steel or alum numscrews. Use stainless steel Type 302 or 304
screws and bolts on itenms exposed to the weather. \Were 6061-T5 al umi num for
threshold is secured to concrete floors, protect the contact surfaces of the
threshol d and concrete against galvanic or corrosive action. The use of

gal vani zed bolts and screws exposed to the weather is discouraged. Use

gal vani zed screws and bolts to secure or connect copper alloy itens.

8.7.1 Lockset s. In a heavy salt spray environnent, the entire |ockset
used on the exterior is stainless steel Type 302 or 304 including screws,
bolts, and nuts. Standard commercial grade hardware is recommended for use
when conditions are not as severe as direct salt spray.

Interior lock and latch sets are either bronze or stainless stee
Type 302 or 304, including fronts, strike, escutcheons, knobs, bolts and al
interior working parts. In an air conditioned building conmercial grade |
| ocksets are acceptable. In a non-air conditioned building, use the sanme
| ocksets recommended for exterior doors, marine grade I, fully non-ferrous.

8.7.2 Hi nges. Hinges on exterior doors, whether exposed on the interior
or exterior side of the door, are stainless steel Type 302 or 304 with
stainless steel screws, bolts and pins.

H nges on interior doors are either cast or cold forged bronze or
stainless steel Type 302 or 304. Screws, pins and bolts are bronze or
stainless steel. Nylon or teflon bearings may be provided; however, use bal
bearing type hinges on large heavy doors and frequently used entrance/exit
doors.  Except for stainless steel, do not use ferrous metal as base netal for
hi nges.

Fire-rated doors nust have a base netal of either steel or
stainless steel. Do not use bronze hinges on fire-rated doors. Use stee
hinges with stainless steel pins. Do not use paint-grade hinges.

8.7.3 d osers. Use stainless steel inside bracketed or door nounted
closures on exterior doors. Non-ferrous closures, such as alumnum or cast
bronze, are permissible where door utilization is mnimal. Use Type 302 or
304 stainless steel or non-ferrous closures on interior doors.

On surface-nmounted closers use a special rust inhibiting finish on
all ferrous parts. This is also recommended for conceal ed closers.
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8.7.4 Ener gency Devi ces. Use stainless steel or bronze base netal wth
plated finish.
8.7.5 Cabi net Har dwar e. Cabi net hardware shoul d be brass, bronze, or

chrome plated. Do not use ferrous nmetal itens.

8.7.6 M scel | aneous Hardware. For all miscellaneous hardware for
exterior doors use stainless steel, Type 302 or 304, or bronze except where
al umi num doors and franes are pernmitted. Al um num thresholds may be provided
with the standard precautions for installation of alumnum itens. Bathroom
and toilet finish hardware are bronze or stainless steel. Do not use ferrous
metal itens.
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Section 9: FIN SHES

9.1 Scope. This section covers gypsum wal | board, plastering systens,
acoustic tile, and metal ceiling suspension systens; flooring materials; and
paints and stains, including protective coatings.

9.2 General Design Considerations. The general problens encountered
after the design selection and installation of nost finish naterials are

noi sture infiltration, condensation and salt spray buildup, ultraviolet ray
deterioration (of exterior finishes), and under certain design conditions,
interior materials being subjected to wind penetration through exterior walls.
As an exanple, in certain tropical areas, the primary cause of the inpairnment
of a metal suspension systemfor ceilings is the high humdity level. Al

metal itens are susceptible to "sweating” under this condition. The slightest
difference in the tenperature of the netal and the surrounding air tenperature
and dewpoint will condense nmoisture on the netal. If the metal is a ferrous
metal, the subsequent rust and stain create a maintenance problemwth the

mat eri al s. Therefore, it is inperative that continual awareness of the above-
addressed probl ems be maintained during the design stage.

9.3 Gypsum Wallboard. Gypsum wallboard is an econonical wall finishing
material if installed and used according to manufacturer's instructions. It
is also an ideal material to provide adequate fire-rated protection for
interior areas. Nevertheless, gypsum board is susceptible to damage in
bachelor enlisted quarters (BEQ and other personnel type facilities. Al so

in a tropical environment, deterioration through absorption of noisture and
ternmites attacking the paper facing may be a problem  Although 1/2-inch thick
board may be used in some areas, mininumthickness of 5/8-inch is recommended.
The use of polyvinyl chloride (PVC) trim stops, screens, vents and expansion
joints is recommended in lieu of zinc-coated ferrous netal in the tropics.

9.4 Cenent - Fi ber Board

9.4.1 CGeneral . This material, cement-fiber board, is fire-rated,
asbestos-free, and highly resistant to inpact, rot, and noisture.
Installation materials and nethodol ogy are simlar to gypsum wal |l board. Its

hi gh inpact resistance makes it an excellent econonical alternative to plaster
where the potential for damage precludes gypsum wal I board in high use/traffic
areas such as living quarters and corridors and high humdity areas such as
kitchens and showers. Cenent-fiber board is also suitable for exterior
soffits.

9.4.2 Special Board Types. Many manufacturers produce prefinished
decorative cenent-fiber panels providing concrete, plaster, and fine aggregate
surface appearance for exterior siding. The board nmay also be used as a
backer board for ceramic tile and for exterior synthetic plaster finishes.

(See para. 9.5.2)
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9.5 Pl astering Systens

9.5.1 CGeneral. A portland cenent-lime mix is corrosive to nmetal lath in
tropical environments. To reduce plaster and stucco cracking, which
contributes to moisture and condensation infiltration delete the |line base and
substitute a liquid plasticizing agent with the principal ingredient of a
resin conmpound. The result produces a material with greater resistance to
most climatic effects in the tropical zone. Include sufficient control joints
to mnimze structure-related cracking.

9.5.2 Exterior Insulation and Finish Systems. These systens, consisting
of an insulation board with integral scrim and synthetic plaster finish, are
sold as a "conplete systenl by nunmerous firms. They have the advantage of
providing a "plaster" exterior with integral insulation and can be applied to
exi sting concrete and masonry surfaces as well as to wood or netal stud
systenms in new construction.

Their disadvantage is that they can be installed only by
manuf act urer-approved installers. This may be an inpossible criteria to neet
in the tropics, particularly in renmote areas. Additionally, damage to a large
area of the surface, say in an accident involving a forklift or notor vehicle,
wWill require repair with original materials and approved installer to maintain
the manufacturer's warranty on thermal and noisture protection.

Use these materials as a combined exterior finish with built-in
l'ayered insulation board, thereby achieving two separate functions: providing
the finish plus insulating, which contribute to an energy-efficient building
Application can be over any substrate, both new and existing surfaces.

9.5.3 Special Considerations. |f surface is to be painted, do not use
coral aggregate in the plaster system If no option is available, use a
sodium silicate system for stabilization.

9.6 Acoustical Tile and Metal Ceiling Suspension Systems. Cejling
suspension main runners and cross runners, including wall channels,

m scel  aneous nol di ngs and accessories, are an alumnum alloy and finished as
appl i cable, except where fire-rated installation is a requirenent. In fire-
rated areas, a concealed grid system with gal vanized steel, factory finished
with baked enanel, is recomrended.

9.6.1 Hangar Wre. \Were the hanger wires are located in attic areas
vented to the outside in a salt spray environment, use stainless steel or

copper-bearing alloy wires. Do not vent attic areas above air-conditioned
spaces where cold water lines or AAC ducts are located. Epsure that these
areas are air conditioned to preclude condensation problens.

9.6.2 Installation. Dissimilar metal installation nust include standard
preventive neasures against electrolytic corrosion. Ensure that all alum num
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material has a minimum paint coil coating of 0.7 m| thickness. Were
alumnumis in contact with concrete or masonry, coat the al um num contact
surface with bitumi nous paint or, where appearance is a requirenent, a paint
system consisting of a chromate priner and two-coat enanel finish.

All nails, screws, bolts and fasteners are stainless steel or
al um num except where gal vani zed steel is used (in conceal ed areas),
gal vani zed screws and bolts may be used in lieu of stainless steel. Do not
use al um num for securing suspended ceiling systems onto concrete or nasonry
wal | s.

9.6.3 Speci al Panel s. In high-humidity areas, select acoustical lay-in
panels in food service and bath areas and in un-air conditioned areas based on
hum dity resistance. These include scrubbable mineral conposition panels,

m neral -fiber/cenent panels, and al um num pans. If regular cellul ose
conposition panels are used, use themonly in 2-foot by 2-foot grid systens.

9.6.4 Mai nt enance Consi derations. Ensure that ceiling systens, including
acoustical tile and conceal ed suspension systens enployed in air conditioned
facilities, are under a continual maintenance program

9.7 Flooring Material. Do not use coral aggregate, dolemtes, or
linestone as a setting bed for tile or terrazzo. Wod flooring requires
termte treated wood. Carpeting is secondary-backed type installed with a
rubber-coated pad

9.8 Paints and Stains. Because of the severity of many tropical

envi ronnents (high solar radiation, high tenperatures, high rainfall and salt
spray), paints frequently will not performwell at tropical locations. M dew
defacenent and deterioration of paints nay occur rapidly if preventive
measures are not taken. Procurenent delays, inadequate storage facilities,
application equipnent failures and general renpteness from nore popul ated

| ocations with available technical help may add further problens to the

pai nting program

9.8.1 Material Selection. The selection of paint materials and systens
is frequently determned by the list of substrates and materials listed in
NAVFAC NFGS 09900, Painting. The materials or systens listed for a given
substrate performsuitably in the tropics if the substrate is properly
prepared and the paint material is properly stored, handled, and appli ed.
Where the guide specification gives one or nore options, it is recomended
that the superior option (i.e.; an alkyd over a latex or an epoxy over an

al kyd, for exanple) be sel ected.

9.8.2 Speci al Consi derati ons. In cavity or double wall construction,
apply a low perneable coating to exterior walls to help mnimze the anount of
moi sture transfer through the wall. Apply a high permeable coating to

interior wall surfaces to ensure that any water vapor that passes through the
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exterior coating and vapor barrier enters the air conditioned space and does
not remain trapped within the insulation and wall material. Use vinyl wall
covering in air conditioned buildings when a vapor barrier is installed as
recommended in Section 7.

9.8.3 Substrate Preparation. In the tropics water infiltration and
mldew growh are both problens where concrete masonry units are used,
include explicit instructions for surface preparation for both new and
exi sting concrete and nasonry surfaces.

On new masonry surfaces, specify a latex block filler. The filler
coat nust be thoroughly brushed in, otherwise leaking will occur. Two finish
coats of acrylic emulsion paint with mldewide is recomended for both
masonry and concrete surfaces.

In tropical areas, take care to assure that wood, concrete and
masonry surfaces are dry before painting. Latex paints may be nore tolerant
of danmp surfaces but they are also slow drying where the humidity is high.

Ef fl orescence (white to gray powdery products) may occur on concrete surfaces,
especially on interior walls of air conditioned buildings. I ncl ude the
appropriate requirenments for efflorescence removal. \Were noisture mgration
t hrough concrete or masonry walls fromthe outside to the inside presents a
problem seal the outside with a surface conditioner or concrete priner to
correct the problem |If interior concrete walls are continuously danp, cracks
in roofs that allow the entrance of rainwater must be suspected. Repair these
and cracks around the wi ndows before painting. Do not paint interior steel
that will be fireproofed.

9.8.4 Repai nti ng. Localized repairs to a coated surface are ordinarily
best nade by cleaning exposed substrate, spot primng and topcoating with the
same type of material existing on the surface. Topcoating of a weathered
paint is generally done with a simlar type of topcoat. |In tropical areas,
paints must be mldewresistant. Mcroorganisns nay utilize the oils in

ol eoresinous or alkyd paints as a source of food. Dirt, pollen or other
surface contamination nmay also accelerate the growth of m croorganisns.
Softgel coatings and textured coatings permt nore rapid pick-up of mldew
Thus, it is desirable to obtain hard, smooth, inert paint filns and keep them
free of contam nation. Because of the high tenperatures and rainfalls in
tropical areas, store all materials indoors, out of direct sunlight. Procure
no nore paint at one time than can be used in one year.

In topcoating weathered paint, renove all mildew, dirt, grease,
chal k or other contam nants that mght deter good bonding along with |oose
paint. Dirt, mldew and other airborne contam nants collect rapidly in
protected areas such as under the overhangs of roofs; renove them by
appropriate cleaning prior to repainting.
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Section 10: SPECI ALTI ES

10.1 Scope. This section covers |louvers and vents for exterior
conditions, identifying devices, sun control, toilet conpartnent cubicles, and
toilet room accessories.

10.2 Louvers and Vents for Exterior Conditions. It is recomrended that
all louvers and vents be alum num 6063-TS or 3003 alloy, welded or fuse-
wel ded frames, with an anodi zed coating of not less than 0.7 ml. Bl ades

shoul d be drainable and stornproof type. Design structural framework for wind
| oads occurring within the various areas of the tropical zone.

10.3 Si gnage
10.3.1 Fi berglass. These naterials are fiber-reinforced, internally

colored resinous plastics and will wthstand nost of the aggressive el ements
when used for exterior purposes. However, bright colors tend to fade when
exposed to constant sunlight. Direct sun also causes del ami nation over the
long run but this is not a problem for fiberglass used as signs. Fiberglass,
unlike nmost other plastics used in signage, can be readily painted.

10.3.2 Acrylic Plastic and Phenolic. Use these for interior purposes
only.
10.3.3 Porcelain Enanel. Porcelain enanel can be factory baked on to

either steel or alumnum Use alunminum backing since damage to porcel ain
enamel over steel can be extensive (often causing the enanel frit to separate
fromthe steel backing in an area 2 to 10 times the size of the point of
inpact).  Use al umi num backing, specifying that the porcelain enamel be
applied to both sides of the substrate and that nounting holes be made before
baking wi || adequately protect the substrate

10.3. 4 Installation. For exterior applications and interior use in heavy
traffic areas, firmy attach signage to structure walls wth tanper- proof
fasteners. Munt large exterior signs on two posts set in concrete. Adhere
interior signage on doors to the door surface wth waterproof silicone

adhesi ve.

10.3.5 Col ors. Coordi nate choice of colors with manufacturer's
information as regards to col or fastness when signs are subject to exterior
envi ronmnent . Coordi nate exterior color selections with reconmendations in

Base Exterior Architectural Plan (BEAP), if one exists.

10.4 Sun Control. Interior and exterior sun control devices are
categorized as interior blinds, both metal and woven fabrics, and woven

fiberglass screens. Linit netals for sun control devices to prefinished
alumi numwi th a mnimum thickness of 0.032 inch for recomrended spans.
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Fi bergl ass woven fabric should be rot- and weather-resistant, colorfast,
di mensionally and thermally stable and fire retardant where and when require d.

10.5 Toilet Conpartments

10.5.1 Material Sel ection. In consideration of the severe salt-laden air
and potential rust conditions, it is recomended that only noncorrosive
materials be used in toilet conmpartments. Recommendation includes plastic

| ami nate covering for wood core doors, division panels and urinal screens.
Cast alloy, nonferrous chrone-plated hardware with stainless steel floor and
ceiling panel fittings are al so recommended.

10.5.2 Phenolics. An acceptable alternate to plastic |am nate-covered
doors and partitions is a plastic covered solid plastic phenolic resin core
for conpartnent divisions. This material is waterproof, steam proof,
rustproof and corrosion free. Galvanized steel with a bonderized enanel
finish is not recommended, especially for urinal screens.

10. 6 Toil et Room Accessories. For toilet and washroom equi pnent,
construct all units fromstainless steel, with all stainless steel noving
parts, welded connections where required and with conceal ed nountings for
vandal - proof installation. \Were color is included as a requirenment, specify
vinyl vacuum bonded to stainless steel only, as cold-rolled steel will corrode
in the tropical environnent.
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Section 11: EQUI PMENT

11.1 Scope. This section covers food service equipnent, including
el ectrical kitchen equipnment and laundry facility equipnent.

11.2 Ceneral Design Considerations. There are no unique tropica
requirenents for equipnent. Note, however, that electrical equipnent
installed or used within non-air-conditioned areas will have a shorter life in
the tropics as elenents such as termnals and contacts will corrode nmuch nore
readily. This problem can be offset to an extent by maintaining an extensive
stock of replacenent parts (such as notors, timers, potentioneter, and other
controls) which can be readily replaced by maintenance personnel. This is
costly but will ensure equipnent availability. However, ultimately, the
effects of the corrosion will become so pervasive that the equi pment will have
to be replaced as it will be no longer be econonically repairable.

11.3 Product Selection. Generally, equipnent nanufacturers do not offer
a wide selection of options. Carefully exam ne manufacturers' technical
literature to determine what, if any, options are available and to specify
those (such as stainless versus gal vani zed steel and special factory-applied
coatings). Look for manufacturers's statements about suitability for use in
humi d, tropical climates.
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Section 12: FURN SH NGS

12.1 Scope. This section covers manufactured caseworKk.
12.2 General Design Considerations. The interior portions of buildings

that are properly ventilated are not as adversely affected by the tropical
elements. OF nmajor concern is the potential environnental conditions that can
cause some interior surfaces, such as snooth-faced cabinetwork, to be affected
by fungi.

12.3 Construction/ Materials Consideration

12.3.1 Wod. Use paint with mldewide additives for all wood-fabricated
itemrs where paint finish is required.

12.3.2 Protective Coatings. A prefinished factory-applied protective
coating is recommended especially where cabinetwork may be subjected to
out si de environment intrusion.

12.3.3 Particle Board. Because of high-humdity, do not use particle
board for furniture, nmillwork, and cabinet work destined for use in tropical
areas. Tempered or high-density hardboard is suitable for drawer bottons. In
plastic laninate covered cabinets, back doors with plastic-laninate backing
sheets. Require non-ferrous netal fasteners, fittings, and hardware wherever
possi bl e.

12.3.4 Plastic Laminates. Generally, plastic |am nates used in cabinet
and casework perform satisfactorily in the tropics. However, thin-film
decorative vinyl lamnates will not; prolonged hum dity causes blistering and
delam nation and they will fade when exposed to direct sunlight.
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Section 13: SPECI AL CONSTRUCTI ON

13.1 Scope. This section covers pre-engineered buildings, recording
instrunentation enclosures, integrated ceilings and storage tanks.

13.2 Ceneral Design Considerations. For tropical areas with high
airborne salt content, pre-engineered buildings with factory-applied protected
coatings over galvanized steel for the roof and siding material are stil
susceptible to rust and corrosion. Choose the protective coating with all the
prerequisites for a lasting material and project. Color fading, chalking and
pollution resistance are anong the factors to consider. Metal type enclosures

for recording instruments will generally fall into the same category, though
by the very nature of the instrument package, the enclosure size may be quite
different. For factory-fabricated items, such as roofing and siding and

special enclosures, use itenms with a factory-finish with a baked-on coating

13.3 Bui | di ng Panel s and Pre-Engi neered Buildings. Specify a roofing
and siding material which has a long-life fluorocarbon finish.

13.4 Recording Instrunentation Enclosures. Specify factory-fabricated
encl osures for permanently installed recording equiprment for measuring such
things as stresses in wind energy, solar energy, rainfall, earthquake effects,
and radio frequency levels, to protect themfromsalt conditions.

13.5 Integrated Ceilings. \en design paraneters allow or dictate the
use of an integrated ceiling, where the suspension system the ceiling
material, the lighting and air conditioning are a honpgenous unit, use the
design criteria for air conditioning in the tropical area. Additionally,
consi der the guidance for the ceiling suspension systemand tile in Section 9
in order to provide a maintenance-free and long-lasting integrated ceiling
system

13.6 Shielded Enclosures. Use either galvanized steel or non-ferrous
netal elenments in accordance with the recommendations in Section 5.

13.7 Storage Tanks. \herever possible, situate metal storage tanks
above ground, out of direct contact with sand and soil. \Where they nust be
buried, consider using fiberglass or other non-metallic types. |f underground

steel storage tanks nust be used, assure that they are cathodically protected,
together with related pipelines. (See Section 14.)
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Section 14: MECHAN CAL

14.1 Scope. This section covers plunbing, air conditioning, and other
nmechani cal systens.

14.2 CGeneral Design Considerations. The najor design problens affecting
plunbing, air conditioning, ventilation, and other nechanical systens in
tropical areas include accelerated corrosion of materials due to exposure to
salt-spray, condensation, and rain; and condensation on building materials,
equi prent, ductwork, and piping. These problens |ead to subsequent problens
of moisture absorption, swelling, nold, and nmildew formation. These problens
are conpounded by the inability to maintain confortable space conditions in
bui I di ngs due to high outdoor hum dity and | ow sensible cooling |oads.

14. 3 Criteria and Gui dance

a) NTI'S-A090145, Air Conditioned Buildings in Hunmid Cinates.
Guidelines for Design, Qperating, and Mi ntenance.

b) NFGS-15250, Insulation of Mechanical Systens.

¢) NFGS-15780, Packaged Air Conditioning Units.

d) NAVFACENGCOM P-89, Engineering Weather Data

14. 4 Corrosion Protection. Ensure adequate corrosion protection through
the use of non-corrosive or corrosion resistant materials where practical, and
through the proper treatments of materials susceptible to corrosion.

14.5 Pining and Fittings

14.5.1 Aboveground Pi pi ng. Use non-corrosive or corrosion-resistant
pi pi ng such as copper, chlorinated polyvinyl chloride (CPVC), and fiberglass
for outdoor use where appropriate.

a) Paint black steel pipe exposed to the outdoors with one coat of
pre-treatment wash, two coats of zinc chromate priner, and two coats of enanel
pai nt.

b) Use plastic, fiberglass, or copper pipe hangers when suitable.

c¢) Ensure that all ferrous materials, when used for pipe hangers,
anchors, and other supports, are hot-dipped galvanized. Touch-up joints and
damaged surfaces with a field applied zinc-rich conmpound.

14.5.2 Buried Piping. Use non-corrosive or corrosion-resistant piping
such as copper, CPVC, and fiberglass where appropriate.
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Ensure that steel and ductile iron piping has a factory-applied
extruded pol yet hyl ene covering or is tape wapped and cathodically protected.

Do not use alum num pipe in aviation fueling systenms in alkaline
soils with pH greater than 8.5 due to accelerated corrosion.

14. 6 Plunmbing Fixtures. Use non-corrosive fixtures such as vitreous
china, stainless steel, and fiberglass where applicable. Enaneled cast iron
fixtures are also suitable when other alternatives are not practical. The use
of enanel | ed pressed steel fixtures is not recomrended.

14. 7 Ductwork. Use stainless steel for weather hoods, exhaust stacks,
and vent caps. Paint galvanized steel or alum num sheetnetal ductwork for
out door use with one coat of polyam de epoxy prinmer and one coat of polyan de
epoxy exterior top coat.

14.8 Air Conditioning. Provide air conditioning by an all-air type
system  The system may be a central air handling type with chilled water
coils or a unitary (single or multiple) direct expansion type unit capable of
controlling the dew point of the supply air for all conditions of |load. \Wen
required, apply reheat centrally using recovered heat or solar. Heat recovery
may be doubl e-bundl e condensers or separate, auxiliary condensers; run-around
cl osed-loop; or refrigerant hot gas. Use electric reheat only when critica
space conditions nust be maintained or in variable air volume termnal units
to prevent over cooling of space.

14.8.1 Smal| Systens. For systems up to 35 tons, use single conpressors
with a mninmmof three-step capacity.

14.8.2 Packaged Units. Use packaged unitary units with nultiple

reci procating conpressors (not to exceed four) for systens between 35 and 100
tons. Ensure that each conpressor has separate and independent refrigerant
circuits and provides multiple steps for capacity control

14.8.3 Chilled Water Systenms. Divide the cooling capacity of chilled
wat er systems of 100 tons and greater between two chillers to ensure
reliability and constant chilled water supply without tenperature fluctuations
and to prevent short cycling. Ensure that the combined capacity of the two
chillers does not exceed the total requirement including diversity. Consider
temperature rise in supply pipe to the nbost renote coil to ensure proper coi
dewpoint in selection of chilled water supply tenperature.

14.8.4 Di rect - Expansion Systenms. Provide the conpressor, evaporator, and
condenser of direct-expansion systenms with necessary accessories to ensure
proper oil return and uniformcircuit distribution at mninmumcoil load. Gve

consi deration to the need for unloading, vertical split-row coils, back
pressure regulators, and hot gas bypass.
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14.8.5 Cooling Towers. Select cooling towers on the basis of a 7 degree F
approach tenperature. Ensure that condenser water flow is as |ow as possible
based on life cycle costs of fan energy versus conpressor energy and
consistent with the chiller manufacturer's reconmendation. Towers with |ong
hours of operation are of the drawthrough type to reduce fan horsepower
requirenents

Provide cooling towers with an autonatic bl ow down system and an
automatic biocide/corrosion inhibitor feed system to ensure proper water
treatnent. \Where adequate water treatment cannot be assured, consider using a
cl osed | oop condenser water system (e.g., an evaporative cooler, or an air-
cool ed condenser) in lieu of a cooling tower.

14.9 Mechani cal Equi pnent

14.9.1 Locat i on. Locate equi pnent indoors whenever possible. Roof-
nmount ed equi prment is not recomrended in areas prone to hurricanes and
typhoons. Additionally, roof-nounted equipnent creates roof construction and
mai nt enance problens. \Where roof-nounting is unavoi dable, evaluate the cost
effectiveness of providing roof-top equipnent roons.

14.9.2 Material Selection. Use non-corrosive materials for outdoor
mechani cal equi pment when feasible. For exanple, use stainless steel
fiberglass, or ceramic in lieu of galvanized steel for cooling towers, and
aluminumin lieu of steel for exhaust fans.

Use copper tube/alumnum fin, copper tube/copper fin, or alum num
t ube/ al umi num fin evaporator and condenser coils.

Provi de outdoor equipnent casings and condenser coils wth
addi tional coating protection in accordance with NFGS-15780

14.10 Condensation Contro

14.10.1 [ nsul ati on. Prevent condensation and subsequent problens of

moi sture absorption, mldew and nmold formation, and corrosion, by ensuring
that all materials and equi pnent operating at tenperatures bel ow the maxi mum
anbi ent dewpoint tenperature are properly insulated and sealed with a vapor
barrier.

14.10.2 Heat Transfer Analysis. Conduct a heat transfer analysis of the
tenmperature profiles through the typical wall and roof sections. Refer to
Section 7 for considerations regarding insulation selection.

14.10.3 Pine Insulation. Use cellular glass in lieu of fiberglass
i nsul ati on. I nsul ation thicknesses for piping specified in NFGS-15250 are
based on 85 degree F dry bulb and 85 percent relative humidity anmbient air.
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Increase insulation thicknesses as required to maintain surface tenperature
above dewpoint of ambient air.

a) Insulate all chilled water, refrigerant suction, and condensate
drain lines, including valves, strainers, and fittings when possible. Ensure
that all valve stems, gauge stems, and control sensor stens are also
i nsul at ed.

b) Provide a vapor barrier and coatings for all cold piping 60
degrees F and lower. Ensure that pipe insulation vapor-barrier jacket is
factory-applied. G ve special attention to the details of construction and to
the specifications for the vapor barrier to ensure conplete noisture and vapor
seal where insulation termi nates against metal hangers, anchors, and other
projections through insulation on cold surfaces with vapor barriers.

¢) Require that the ends of pipe insulation be sealed with a
vapor-barrier coating at valves, flanges, and fittings and at intervals not to
exceed 15 feet on long pipe runs. Goat joints of pipe insulation with vapor-
barrier coating conpound to ensure vapor seal of insulation sections.

d) To the maximum extent possible, install chilled water piping in
accessible locations to allow for replacement of old, deteriorated insulation.
Avoid installing chilled water piping in concealed, non-air conditioned
spaces, including ceilings to mnimze condensation problens.

g) Provide an alum num or stainless steel jacket on insulated
pi pi ng | ocat ed out doors.

f) Use pre-insulated piping for buried chilled water, steam and
ot her underground piping requiring insulation

14.10.4 Ductwork Insulation. Insulation thicknesses for ductwork specified
in NFGS-15250 are al so based on 85 degree F dry bulb and 85 percent relative
hum dity anbient air. Ensure insulation thicknesses specified will naintain
surface tenperature of insulation above anmhient dewpoint in instances where
the actual anbient tenperature and hunmidity exceed the above conditions.

a) Insulate all supply and return air ductwork.

b) Provide insulation with vapor barrier and coating

c) Use internal duct liner insulation in exposed outdoor ducts
when possible or where there is a lack of quality installation expertise for
external insulation/vapor barrier on ductwork.

d) Insulate exhaust ducts passing through conceal ed spaces which
exhaust conditioned air, and provide with a vapor barrier in areas where the 1
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percent outdoor anbient dewpoint tenperature is higher than the design indoor
dry bulb tenperature.

14.10.5 Equi pment Insulation. Provide insulation with vapor barrier and
coatings on all equipnent associated with the chilled water, refrigeration, or
air conditioning system including chilled water punps, air handlers and
chillers.

14. 11 Humidity Control. Control humidity through the use of properly
designed air conditioning systens to provide adequate dehumidification

14.12 System Sel ection and Sizing. Consider the capacity of the air
conditioning system for cooling and dehumidification under full and m nimm
part load conditions in the design analysis. In general, use the one percent
design wet bulb tenperature from NAVFAC P-89 for equipment sizing and in the
calculation of the latent cooling | oad.

14.12.1 Si zi ng. For the locations indicated, size the confort air
conditioning systenms on the criteria in Table 3.

14.12.2 Cooling Coils. Ensure cooling coils have adequate latent, as well
as sensible, cooling capacity under full and mnimm part |oad conditions.

14.13 System Design Considerations. Wiere possible, design the air
conditioning systemto provide cooling for the entire building as foll ows.

14.13.1 CGeneral. Air condition toilets, corridors, closets, and storage
roons. Provide circulation of conditioned air through enclosed spaces.

a) Use excess air fromthe air conditioned space to make up air
exhausted fromthe bathroons. Do not include the bathroom cooling loads in

the sizing of the air conditioning equipnent. Locate exhaust grilles over or
cl ose to shower areas.

b) In Guam Philippines, and Diego Garcia and other high humdity
tropical areas where the 1 percent anbient dewpoint tenperature exceeds 70
degrees F, seal the nechanical equipnent rooms. Size the air conditioning
equi pnent to supply one to two air changes/hour of conditioned air to slightly
pressurize the nmechani cal room spaces and to maintain the room conditions in
the range of 80 degrees F to 85 degrees F dry bulb and 50 percent to 60
percent relative humdity. Exhaust all air supplied to the nmechanical spaces
t hrough room exfiltration.

¢) Treat space above ceilings as a conditioned space in areas
where the 1 percent anbient dewpoint tenperature exceeds the indoor dry bulb
tenperature. Circulate conditioned air in the ceiling plenuns to prevent
formati on of condensation.
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Table 3

Air Conditioning System Sizing Criteria

DESI GN ROOM CONDI TI ONS

Tenp. (Dry Bulb)/
Location Rel ative Humidity
Phi li ppines, Guam Diego Garcia and other areas with 1 75 degrees F/ 55

percent anbi ent dewpoint tenperatures equal to or

greater than 70 degrees F

Areas wWith 1 percent ambient dewpoint l[ess than 70

per cent

75 degrees F/ 55

degrees F per cent
QUTDOOR CONDI TI ONS
NAVFAC P-89
Location Summer Desi gn
Tenp. Col ums
Phil'i ppines, Guam Diego Garcia and other areas with 1 1 percent dry
percent anbi ent dewpoint tenperatures equal to or bulb and 1

greater than 70 degrees F

Areas with 1 percent anbient dewpoint |ess than 70

percent wet bulb

2-1/2 percent dry

degrees F bulb and 1
percent wet bulb
SAFETY FACTOR
Al Areas 5 percent sensible and 5 percent
| at ent
CONDENSER  SI ZI NG
Air Entering Refrig.
Locati on Tenperat ure Condensi ng Tenp.

Philippines and other areas with 1
percent anmbient dry bulb tenperature
equal to or greater than 94 degrees F

100 degrees F

120 degrees F

Guam Diego Garcia, and other areas
with 1 percent anbient dry bulb tenp-
erature equal to or greater than 89
degrees F and less than 94 degrees F

95 degrees F

115 degrees F

COCOLI NG TOAER Sl ZI NG

Al Areas

1 percent wet bulb with 7
degrees F approach
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14.13.2 Controls. Consider the follow ng when designing the air
conditioning controls.

a) Wen reheat is used with systens controlling humidity, let the
thernmostat control the flow to the cooling coils under normal conditions. On
an increase in humidity, the hum distat overrides control of the flow to the
cooling coils and, sinultaneously, the thernostat assumes control of the
reheat coil to prevent over cooling.

b) Whenever possible, provide nmodulating, in lieu of on/off
controls. Provide proportional-derivative-integral controls in lieu of sinple
proportional controls, when space tenperature and hum dity nust be naintained
wWithin narrow limts.

c) Specify chillers and air conditioners with hot gas bypass on
the |ast stage when the anticipated air conditioning |oad may drop bel ow the
| owest stage capacity of the unit.

14. 14 Desi gn Practices

14.14.1 Design Analysis. The basis of design analysis includes the use of
air conditioning systems such as variabl e-vol ume constant-tenperature,

vari abl e-tenperature constant-volunme, and terminal-air blenders. In addition
to first-cost and life-cycle cost considerations, base system on the
capability of the air conditioning systemto control the humdity in the
condi tioned spaces continuously under full-load and part-load conditions.

14.14.2 Energy Analysis. Support system selection by an energy anal ysis
conputer program where applicable, in accordance with current energy
conservation design guidelines. Evaluate latent heat gain due to vapor flow
through the building structure and air bypassed through cooling coils, and the
dehumi dification performance of the air conditioning system under varying
internal and external |oad conditions to ensure proper system performance.

The conputer program includes a printout of the space tenperature and relative
humi dity under various internal and external | oads.

14.14.3 Qutside Air. Condition outside air at all tinmes through a
continuously operating air conditioning systemusing a 4-row mninmum cooling
coil. Use a 6- or 8-row coil in lieu of a 4-row coil, if required to contro
dewpoint.  Prevent outside air from bypassing the cooling coil when possible.
Ensure that outside air is adequate in quantity to slightly pressurize the
bui I ding under mpst wind velocity and buil ding exhaust conditions. The anpunt
of outside air over exhaust air is generally in the range of 10 to 30 percent.

14.14. 4 Cooling Load. In addition to calculation of the cooling |oad at
maxi mum desi gn conditions, neke a cooling load calculation for the |ow
tenperature, high-humdity conditions to determne the greatest

dehum dification |oad that may be encountered on cloudy, hum d days.

58



M L- HDBK- 1011/ 1

14.14.5 O her Consi derations

a) Select main cooling coils with 6 coil rows mininmumand 12 fins
m ni mum per inch where feasible. Consider selecting main cooling coils with 8
coil rows whenever possible to ensure adequate coil contact time for inproved
dehumi di fi cati on.

b) Ensure chilled water supply tenperature is |ow enough for
proper dehumdification.

c) Keep face velocity through the cooling coils below 550 fpm
Specify intertwined or vertical split-row cooling coils in lieu of horizonta
split-row cooling coils to ensure that the entire air passage area in the coi
comes in contact with active cooling surfaces for proper dehumdification.
Ensure that coils have | ow bypass factors.

d) Select air conditioning equipnent to ensure the mninmm
anticipated cooling load is larger than the capacity of the |owest stage of
the equipment. Use nultiple air conditioning units if this is not possible.

e) Keep building under slight positive pressure by providing
slightly nmore nake up air than the amount of air exhausted through the
bat hr oom exhausts and ot her exhaust systens.

f) Provide adequately sized condensate drains for all air
conditioning coils and insulate the waste |ines.

g) Consider the use of heat recovery to reduce operating costs.
h) Do not use econom zer cycles.
i) Use draw through air handl ers where possible.

Locate exhaust registers as close as possible to the source of
the noisture.

k) Consider the use of air cooled condensers in lieu of cooling
t overs.

1) Keep system and controls sinple. Do not over design
especially in areas where the lack of qualified naintenance may make
sophi sticated systems and controls an upkeep probl em
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For variable air volume systens, use electric- or pneunatic-
powered versus system powered variable air volume term nal boxes. Sel ect
term nal boxes so design CFMis within 75 percent maxi mum CFM in capacity
range. Provide minimum CFM limit stop for mininmumair recirculation in
accordance with Anmerican Society of Heating, Refrigerating, and Air
Condi tioni ng Engi neers (ASHRAE) standards.

n) Do not use outside air to ventilate plenum spaces above
suspended ceilings in air conditioned buildings.
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Section 15: ELECTRI CAL

15.1 Scope. This section covers electrical naterials, equipnent, and
installation techniques used in general construction in a tropica
envi ronnent .

15.2 Ceneral Design Considerations. Salt-laden air, high tenperatures
and relative humdity, insect infestation, and heavy rainfall are the prinmary
causes of electrical maintenance problems and system failures in a tropica
envi ronnent . In addition, during hurricanes and typhoons, driven rain and
winds in excess of 100 miles per hour cause extensive damage to overhead pole
lines and insufficiently protected sw tchgear, transforners and circuit
conponents. The interiors of air conditioned buil dings are not subject to the
harsh el enents of the tropical climte; design themin accordance with

NFGS- 16402, Interior Wring Systens.

15.3 Application Quidelines
15.3.1 Equi pnent . Instal ling equipment under building eaves or canopies,

within enclosed equipment rooms, and on the prevailing downw nd sides of
bui | dings contributes to a nore durable systemw th | ess maintenance costs.
Locating switchboards, panel boards, starters, nmotor control centers and other
maj or electrical items indoors inproves systemreliability during hurricanes
and typhoons and reduces the need for exotic, expensive enclosures.

15.3.2 Distribution. Under ground distribution and 600 volt wiring are

hi ghly recomended to ensure superior protection from hurricanes and typhoon
wind damage. However, direct buried cables are difficult to replace, subject
to ternmite damage, and are not recomended. Design in accordance with

M L- HDBK- 1004/ 2, Power Distribution Systens. In hurricane and typhoon areas,
prestressed concrete poles are reconmended as an alternative to wood pol es,
funds permtting.

15. 4 Construction/Materials Consideration. Table 4 is a conparison of
stainless steel, alumnum polyethylene, fiberglass-reinforced concrete (FRP),
and copper in various environnents and their relative abilities to resist
corrosion.

15.4.1 Non-corrosive Materials. Generally, use corrosion-resistant
materials such as plastic, fiberglass, copper or alumnum coated steel, or
anodi zed or copper-free alumnum for installations exposed to the elenents.
Where corrosion resistant materials |ack sufficient physical strength, or are
subject to deterioration fromthe sun, or are not available, provide ferrous
materials with protective enclosures and coatings.
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Table 4
Corrosion Resistance Conparison
STAI NLESS POLY-

APPLI CATI ON STEEL COPPER ALUM NUM ETHYLENE FRP
Cener al Very Good | Very Good | Very Good | Very Good | Very Good
Cut door
Mari ne Very Good | Very Good | Good Very Good | Very Good
Cut door
Cener al Very Good | Very Good | Good Very Good | Very Good
I ndustri al
Fresh Water Very Good Good Very Good | Very Good | Very Good
Sea Water Very Good | Good Fair Very Good | Very Cood

15.4.2 Aluminum  Where the use of 6061 and 6063 series alum num all oy

materials is permtted,

form ng,
assenbl ed

surfaces is expected

15.5

Underground Facilities.

are characterized by high salt water tables,
South Pacific islands,
materials are subject

On smal |

not uncommon for ductlines,

t hr oughout

the vyear.

to const ant

Sel ect

materi al s,

anodi ze such materials after the cutting,
and drilling of the parts are conpleted.
Do not

bendi ng,

The item can then be
use al umi num all oy where novenent

or contact of bearing

Underground installations in the tropics
and high earth noisture content.
the entire underground system and enbedded
salt water exposure and inundation. It

handhol es and manholes to contain standing water
cabl es,

and splices on the basis of

resi stance to chenical deterioration and subnersion. Al um num conduit is

especially subject to corrosion fromsalt and coral; therefore, do not use it
in underground situations. Note that underground cable is extrenely
susceptible to subterranean termte damage. During installation of
underground cable, soil treatnent with termticide is reconmrended.

15. 6 Protection Against Humidity, Misture, and Tenperature

15.6.1 El ectrical Conponents. Do not treat switches, fuses, contacts,

oi | -imrersed transformer w ndings, and heater elenents wth fungus-resistant
coating. Oher materials and conponents which are inherently fungus-resistant

or are protected by hernmetic sealing need not be treated nor coated.

15.6.2 Grcuit Elements (Low Tenperature Rise). Coat
covered above and which have a tenperature rise of not
when operating at full

circuit elenments not
nore than 75 degrees F
load with a fungus-resistant varnish conformng to
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Specification ML-V-176, Varnish, Misture and Fungus Resistant (for Treatnent

of Communi cation, Electronics and Associated Equipnent). Circuit elenments
include solenoids, relays, ternminal and junction blocks, capacitors, and
control coils.

15.6.3 Crcuit Elements (H gh Tenperature Rise). Do not coat circuit

el enents such as notor coils, generator and dry type transformer windings, and
simlar electrical conponents, which have a tenperature rise exceeding 75
degrees F when operating at full load, with a fungitoxic conpound. |nstead,

gi ve such conponents two coats of varnish and one sealer coat. Apply the
coats by the vacupressure, immersion, centrifugal or pulsating-pressure, or
built-up nethod so as to fill all interstices in the coils and preclude the
entrapment of air or noisture. The sealer coat may be applied by brushing or

sprayi ng.

15.6.4 Ferrous Items. \Were steel is necessary as a base material, use
material which is galvanized, plated, or cladded. Use stajinless steel where
applicable, with type specified to provide for mechanical, structural and non-
corrosive characteristics. Cear epoxy coatings and netallized coatings

provi de satisfactory additional corrosion protection.

15.6.5 Anbi ent Tenperature. G ve due consideration to high anbient
tenperatures when specifying and sizing electrical equipnent. Derating of
conponents is necessary where normal operating tenperatures exceed 86
degrees F, such as rooftop installations and the interiors of protective
enclosures. Derate outdoor transfornmers in accordance with ANSI tenperature
| oading guides. Precautions such as ventilation fans may be necessary to
assure reliable operation with long service life.

15.7 Wring Systenms. The climatic conditions in nost tropical areas are
such that all non-enclosed locations are classified as "wet" |ocations as
defined by the National Fire Protection Association, Inc. (NFPA) No. 70,
National Electrical Code (NEC).

15.8 Raceways. Design raceway systens in accordance wth
M L- HDBK- 1004/ 2.

15.9 Conduits and Fittings. On piers and in other hostile environnents
where gal vani zed steel conduits are normally specified, use PVC-jacketed

gal vani zed steel conduits and fittings. Qher documents which form a part of
the specification for the plastic coated gal vani zed steel rigid conduits and
fittings are Anerican National Standards Institute Inc. (ANSI) Standard C80. 1,
Specification for Rigid Steel Conduit. Zinc Coated, and Underwriters'
Laboratories Inc., (UL)-6, Conduit Electrical. Rigid Mtal.

15. 10 Encl osures and Boxes.  Ferrous netal enclosures and boxes exposed
to salt-laden air provide service for only a few years. Use cast copper-free
al um num or PVC outlet bodies or boxes in lieu of cast ferrous netal. In very
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severe corrosive environments, the use of stainless steel (Type 316 or 326),
fiberglass enclosures, or alumnum alloy 5052 enclosures are recomrended over
sheet netal raintight enclosures. Pressed steel outlet boxes set in any
concrete that is high in alkaline content are subject to corrosion. The use
of non-netallic outlet boxes and non-netallic conduit is reconmended.

15. 11 H gh Voltage Distribution (Above 600 Volts)

15.11.1 Underground Distribution. To achieve superior protection against
hurricanes and typhoons and salt-laden air, design power distribution for
underground installation, funds permtting. If direct buried cables are used,
protect the cables from physical danmage with route markers, treat the soil
within 12 inches of the cable for termtes, and install plastic polyethylene
warning tapes in the trench over the cables. Ensure that all ferrous
materials used in nmanhol es or handhol es are hot-dipped gal vanized and coat ed
wi th epoxy or bitunm nous paint.

15.11.2 Overhead Distribution

15.11.2.1 Poles. Poles may be wood, netal, or prestressed concrete. (The
requirenent for prestressed concrete poles is much nore critical in hurricane
and typhoon areas than in areas where these extremely high wi nds occur.)
Protect all checks and cracks in wood poles and fill with a preservative
grease of 10 percent pentachl orophenol or other preservative. During or
imediately following pole installation, treat the soil 12 inches around and
down to the base of the pole with termticide in areas infested by termtes.
Ensure that wood poles are line-guyed and every fifth pole is guyed 4 ways,
and pole-top transfornmer banks are linmted to sizes recomrended in

M L- HDBK- 1004/ 2.

15.11.2.2 Pole Caps. To mininmze |leaching of wood preservative and to
prevent pole top decay, install pole caps on all pole tops prior to
installation. Crcular, low density polyethylene cover caps are commercially
available. The cover caps are secured by driving a 2 inch alum num nail
through each of the tabs. Prior to securing the caps, apply a filler or
preservative paste material to elimnate any air space between the pole top
and the cover cap.

15.11. 2.3 Conductors. Use al um num AAAC conductors in lieu of Type ACSR

15.11.2.4 Insulators and Term nators. Insulators and terminators are subject
to flashover as a result of airborne salt build-up. Rate all insulators and
termnators for the next higher voltage |evel above the system voltage. After
installation, coat insulators and terminators with silicon grease for

addi tional protection against flashover. Heat shrinkable skirt type creepage
extenders, in accordance with M L-HDBK-1004/2, may be used to provide
additional flashover protection in high salt-air environments.
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15.11.2.5 Hardware. Ensure that ferrous metal hardware are hot-dip
gal vani zed, and that al umi num guys with concrete anchors are in accordance
with M L-HDBK- 1004/ 2.

15.11.3 Transfornmers and Switchnear

15.11.3.1 Distribution Transfornmers. Generally, use pad-mount type
transformers, undercoated where installed outdoors. Use liquid-filled sealed
type transfornmers, wthout the breather pipe, or dry type, totally encl osed
self-cooled, for less than 600-volt application. \Were transforners are
located in a vault, cast core dry transformers are recommended for their

i nherent fungus resistance and |ack of fire-rated enclosure requirenent.

15.11.3.2 Switchgear. Enclose switchgear in netal. Include all swtchgear
enclosures with thermostatically controlled space heaters for humdity
control . Due to fewer exposed contacts, primary vacuum breakers are

recommended over air breakers or fusible interrupters. Seal control relays
where provided in dusty or humd environments.

15.11.3.3 Protective Shelters. In the tropics all ferrous itens are highly
susceptible to accelerated corrosion when exposed to the weather. Al so,
damage to the protective coating on equi pment can be expected during routine
operational inspection and maintenance of transformer and sw tchgear
facilities. Furthermore, hurricane and typhoon damage reports indicate that
these exterior type installations are very susceptible to damage by flying
debris. Protect pad-nounted transformer and switchgear installations in
hurricane- and typhoon-prone areas fromthe weather with a structural shed-
type enclosure of either concrete and masonry.

15.11.3.4 Fiberglass Reinforced Enclosures. In areas with severe corrosion
potential, provide reinforced nol ded one-piece fiberglass enclosures for pad-
mounted swi tchgear and transfornmers if they are installed outdoors.

15.12 Service and Distribution (600 Volt and Bel ow)

15.12.1 Swi t chboards and Mdtor Control Centers. Switchboards and notor
control centers may be of the standard nmanufacturers design. It is
recommended that all sw tchboards and notor control centers be installed in
enclosed buildings. If installed outdoors, provide a fiberglass housing.
Standard factory-finished ferrous weatherproof housings do not provide
satisfactory service life.

15.12.2 Panel boar ds. For panel boards use the circuit breaker type, copper
bussed, located in the interior of buildings or within enclosed spaces. Use
bolt-on rather than plug-on breakers to mnimze contact corrosion problens.

If a panelboard is |located on the exterior of a building, provide a fiberglass
encl osure around the panel board. Standard rain caps on factory nodified

panel boards do not afford sufficient protection against driven rain
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15.12.3 Engine Generators. Engine generators by their inherent critica
nature must be protected fromthe elenents by installation in an encl osed
room Exhaust pipes, nufflers and standard weatherproof housings installed
outdoors will not provide satisfactory service life in a tropical environnment.

15.13 Cathodic Protection. Provide cathodic protection for underground
ferrous pipelines and storage tanks and steel (sheet) piles. Cathodic
protection systems may be of the sacrificial anode, rectifier type or a

conbi nation of the two. Locate rectifier control boxes in enclosed rooms or
within fiberglass enclosures with ventilation provisions where separate

dedi cated roons are not available. For connections to tanks and pipelines use
the exothermic weld types to prevent contact corrosion. VWen performng
calcul ations, use in-situ resistivity test results since ground resistivity in
the tropics varies fromhigh (dry coral) to very low (vol canic clay).
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